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EXECUTIVE SUMMARY

The goal of the study reported here was to quantify the probable effects that alternative
strategies for managing in-river harvest would have on recovery of Snake River fall
chinook salmon. This report presents our analysis of existing data to quantify the way
in which various in-river harvest strategies catch Snake River bright (SRB) fall chinook.
Because there has been disagreement among experts regarding the magnitude of in-

river harvest impacts on Snake River fall chinook, we compared the results from using
the following three different methods to estimate in-river harvest rates.

1. Use of run reconstruction through stock accounting of escapement and landings
data to estimate harvest rate of SRB chinook in Zone 6 alone.

2. Use of Coded Wire Tag (CWT) recoveries of fall chinook from Lyons Ferry
Hatchery in a cohort analysis to estimate age and sex specific harvest rates for
Zone 6 and for below Bonneville Dam.

3. Comparison of harvest rates estimated for SRB chinook by the above methods
to those estimated by the same methods for Upriver Bright (URB) fall chinook.

In-river harvest rates estimated by all methods indicated that harvest rates were similar
between ages 4, 5, and 6, but that harvest rates were substantially reduced at age 3.
Because harvest rates at age 3 are lower than those at age 46, inclusion of age 3 fish
in the calculation of average harvest rate {as is the practice of the Columbia River
Compact Technical Advisory Committee (TAC)} causes the average harvest rate to be
less than is actually experienced by most adult females. Fish returning at age 3 from
subyearling releases were 60% to 80% males. The age and sex-structured cohort
analysis demonstrated that, as a consequence of including age 3 fish in the calculation
of average harvest rate, the average harvest rate is always less than that on age 4 fish,
generally by 10 to 15 percentage points. Further, age 3 fish have composed a highly
variable proportion of the run entering the Columbia River, so the inclusion of age 3
fish in the average harvest rate would have reduced the average by varying amounts
between years.

Harvest rates estimated by the stock accountability method for age 46 SRB chinook
averaged about 85% of those for URB chinook during 1986-l 992. The timing of catch
of SRB and URB chinook in Zone 6 was similar, so we found no substantive evidence
that harvest rates should differ between URB and SRB chinook. We concluded that the
harvest rates estimated on URB chinook should be accepted as the best estimates of
harvest rate on SRB chinook also, because URB chinook destined for the mid
Columbia composed the vast majority of the landings in Zone 6 and the escapement
over McNary Dam.
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Harvest rates estimated by cohort analysis were consistently higher than those
estimated by stock accountability. We examined the possible sources of bias that
might cause these differences. The extremely high harvest rates estimated by cohort
analysis for Priest Rapids chinook resulted from the standard assumption of no
mortality above McNary Dam. We determined by iteration that a 50% mortality had to
be assigned to the Priest Rapids fish above McNary Dam before the estimated harvest
rates came into line with those estimated by stock accountability. We determined that
interdam conversion rates were not a major source of bias, but that expansion factors
used for CWT recoveries from spawners were the largest source of bias for cohort
analysis of Lyons Ferry CWT’s.  Additionally, differential fallback rates of marked and
unmarked fish at Ice Harbor Dam could have caused the high estimates of harvest rate
produced by cohort analysis of CWT’s.

We hypothesize that harvest-related mortalities may be responsible for previously
unaccounted interdam losses. Inter-dam conversion rates of URB’s between Bonneville
and Lower Granite dams are inversely related to harvest level in Zone 6 (R2= 0.66); i.e., the
highest levels of unaccounted loss have occurred during the years of high in-river harvest
levels. This observed empirical relationship could be caused by several factors, such as -
increased opportunity for illegal take, increased incidental fishing mortality, and delayed
mortality due to net and hook injury - during high harvest. The magnitude of the latent
mortality mechanism is substantiated by the harvestcaused wounding rates of fall chinook
salmon observed at Ice Harbor Dam, i.e., an average of about 31% during 1991-1993.
This high level of wounding caused by fishing could result in significant levels of pre-
spawning mortality - especially in years when water temperatures in the Snake River are
high.

The CRiSP.2 harvest model was used to simulate effects of alternative harvest strategies
on Snake River fall chinook salmon spawning escapement. This model, developed by Jim
Norris of the University of Washington, is patterned after the Pacific Salmon Commission
(PSC) chinook model. A sensitivity analysis showed that the environmental variability (EV)
scalar had an overriding effect on the model results. An EV scalar value of 4.8 (used by
PSC in forecasts) results in rapid rebuilding of SRB’s to an escapement level of 6,000
spawners under a status quo harvest management regime. However, based on the
decreasing trends observed in the empirical escapement data, we determined an R/-scalar
value of 2.0 was more realistic for simulations of alternative harvest scenarios.

The 45,000 fixed escapement policy for URB’s at McNary Dam does not ensure adequate
spawning escapement of SRB’s. The 45,000 goal is not sensitive to the differential
abundance of SRB’s to URB’s - that ratio has varied from 0.4% to 1.6% in recent years.
Simulation modeling showed that managing a mixed-stock river harvest of URB’s to
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achieve a 45,000 run size past McNary Dam will result in extinction of SRB’s. A fixed
escapement goal of about 115,000 to 125,000 URB’s would be needed to achieve
stabilization and recovery of Snake River fall chinook salmon. An escapement goal for
natural spawning Snake River fall chinook salmon (e.g., at Lower Granite Dam) would be a
more direct and effective policy to conserve and recover the ESA-listed stock.

Simulation modeling indicated that selective harvest of mid-Columbia URB’s (i.e., live
capture and release of SRB’s) could enable continued in-river harvest while allowing
recovery of SRB’s. However, in order to result in the stabilization and recovery of Snake
River fall chinook - the selective harvest methodology would need to be 70-100% effective
in reducing harvest mortality on SRB’s.

A critical uncertainty in simulation modeling - for both the CRiSP.2 and PSC chinook
models - is the parameters of the production function. Currently, no stock-recruit data exist
for naturally spawning Snake River fall chinook salmon. The only comparable data set is
derived from CWT releases of subvearlinq Lyons Ferry fall chinook salmon. Currently the
data set for the surrogate hatchery stock is not adequate to estimate a valid stock-
recruitment relationship. Furthermore, the current Lyons Ferry hatchery practice of yearling
releases (which have a different life history pattern) is further impeding the development of
this critical research information.

iii



f//e& o//n-iver Humed on Snake Bier follhiook Final Report - March 1996

Table of Contents

EXECUTIVE SUMMARY

TABLE OF CONTENTS

LIST OF FIGURES

LIST OF TABLES

LIST OF EQUATIONS

DISCLAIMER

ACKNOWLEDGMENTS

INTRODUCTION

IMPACTS OF IN-RIVER FISHERIES

HARVEST RATE
Alternative Estimation Methods

Description of Methods
Method 1: Stock Accounting of Zone 6 Landings
Method 2: Cohort Analysis of CWT Recoveries
Method 3: Comparison to URB Harvest Rates Estimated by Methods 1 & 2.

Results of Hawest  Rate Estimates
Age Specific Differences in Harvest Rate
Differences in Harvest Rate Estimates Between Methods

Probable Sources of Bias and Error
Assumed Mortality During River Passage
Estimation of Spawning Escapement
Interdam Los

Effects of Fallback
Estimation of Conversion Rates Based on Zone 6 Harvest  Rate

Catch Expansions

HARVEST SELECTIVITY ON SEGMENTS OF THE RUN
Temporal Selection

I

IV

VI

VIII

X

XI

XI

1

2

2
2
3
3
7

12
26
26
36
37
41
50
50
52
56
56

59
59

i v



Lhect.. a/ h-//ve/  Harvest  on Snuke Bier fu// Ch/nook Final Report - March 1996

Evidence of Recent Size !3electivity 65

STOCK COMPOSITION OF THE HARVEST 67

SIMULATION OF ALTERNATIVE IN-RIVER HARVEST REGULATlONS 72

HARVEST MODEL DESCRIPTION 72

SENSITMTY ANALYSIS OF ENVIRONMENTAL VARIARILITY  (EV) SCALAR!ii 73

SIMULATION OF POPULATION RECOVERY UNDER ALTERNATIVE HARVEST SCENARIOS 79
SIMULATION OF EFFECTS OF FIXED ESCAPEMENT POLICY - 45,000 AT McNARY DAM 80
SIMULATION OF A FIXED HARVEST RATE ALTERNATIVE 81
SIMULATION OF SELECTIVE HARVEST EFFECTIVENESS 82

CONCLUSIONS 85

FACTORS THAT UNDERESTIMATE HARVEST IMPACT’S ON SNAKE RIVER FALL CHINOOK
SALMON 86

RECOMMENDATIONS 87

REFERENCES 89



Lfects  oi /n-r/Le/  Humed  on Snuke h%er fu/ Ch&wk Final Report - March 1996

LIST OF FIGURES

FICURE~. NUMBEROF CWT FALLCHISOOK(SUB~WRLISGS)FROM  LYOSSFERRY  ANDPRIESIRAPIDS
HATCHERIESCAPTUREDBDVEEKLYISTHE~SE6CILLSETFISHERY.  @OURCE PSMFC DATABASE,
PORTLASD, OREGOS). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ....... 21

FIGIRE~. WEEKLYCOUNTSOFADULTFALLCHISOOK(%OCM)OYERTHEDALLESAND  MCNARYDAMS,~W-
1992 (USACE  DATABASE, PORTWD,  OREGOS) . . . . . . . . . . . . . . . .._.._.._...................._........_.._.._.._.._.....................  23

FIGURES.  AGESPECIFICHARYESTR~TESINZOSE 6~c~~~~,1987-1992,0~  URD FALLCIIISOOK,AS
ESTIMATED BY THE STOCKAccoU?XISC METHOD. DATA ARE FROMT~LE9...........................................  28

FIGURE& PERCESIAGETHAT~ESCOMPOSEDATEACHAGEOFLYOSSFERRYFALLCHLYOOK,AS

DETER\IISEDFROM CWTs RECO~-EREDISTHECATCH@IYER)A~DRETURNISCTOTHEIIATCIIERY.
NUXIBERSATTHETOPOFWCHBARARETHESLXBEROF  CWT FISHFORYYIIICIISEXWASRECORDED.  ALL
SLBYEARLISCRELEASESOF  CWT GROUPS,EITHERON-STATIOSORTRASSPORTED,WEREINCLUDED.
(SOURCE: PSMFC DAT~~E)...................................................................................................................  31

FIGURES. !&X-SPFCIFICLESGTHFREQUEI'XIESATAGE  3 OF CWT CHINOOKFROMLYOSS~RRY~TCHERY
T~T\~~RERELWSEDASStiBYEU1LIIYCS,ElTHEROS-SFATIOKORTRANSPORTED.  (%XRCE:~~C

DAT.~~E)..................................................................................................................................................  32
FIGURE 6. AGE~DSW;-SPECIFIC~\~R~TESI~ZOSE~OFTHECOLL'~IBIARTVER,ASEST~~C~ATEDBY

COHORT~~ALYSISOFCWTGR~~~~LWSED~SSUBYEARLISGSATLYON~FERRYHAT~RY.............  33
FIGURE 7. ~OMPARlSONOFHAR~~~TESATACE~TOTHOSEM)RTAEAt'ERAGEOFACES3-~PORT~~984-

86 BROODS. THESERATES\~~REESFIhL~TEDByTHECOHORT~~~YSISH~PERM)R~~DWITH  CWTs
RECOVERIES FRO-M SUBYEARLISC  CHISOOK RELEASED AT LYOSS FERRY EATCIIERY. . . . .._._____.._...............  34

FIGURES. PROPORTIONT~~TACE~FISHCO~IPOSEDOFTIIERL.SOFSNAKE~~RBRIGIFZ.FALLCHINOOK

EVTERING THE COLUMBIA RIYER, 1986-1992. (SOURCE: TAC 1993, P. 23, TABLE 7) . . . .._.._.._.._.._._.......... 35
FICLRE 9. COMPARISONOFFOURESTIMATESOFAGESPECIFICHARVESTRATESIN~SE  ~ONSNAKERIVER  FALL

CHINOOK. . . . . . . . . . . . . . . . . . . . ..__............._.._.._............._______ . . . . . ..__........................................................................... 38
RGIREIO. CO~IP.~SONBE~~Eh'U~.~~DS~CHIS~KOFhlEAs~~~RITEOSAGE4-6CHlNOOKL~

ZONE 6, As ESTIXIATED  BY THE SIOCK ACCOLSTISG  ~IETHOD.  DATA FROM TILED.................................  39
FIGURE 11. LESCTH  FREQUES~ATIIATCHER~RETURSOFAGE  3 CHISOOKFROMTHE~~~~BROODTHATYYERE

CWT~IARKED. {UPPERGR~A-FISHTHAT~EREREL~EDASSUBYEARLLYGSFR~MLYONSFERRY

~TCHERy;MIDDLEGRAPH-FISHTILAT\VERERELE~EDASYEARLISCSFRO~l  LFH;Bo~OMGRAPH-
FISH THAT MERE RELEASED As SUB~WRLISCS FROM PRIFZ+GT  RAPIDS HATCHERY}..................................... 48

FIGURE 12. DISTRIBUTIONOFLA~DINGSISZOSE  6 OF LYOKSFERRY  F.~LCHISOOKDIRISG~~~~-~~~~,AS
DETERMISEDFROMRECO~-ERIESOF  CWT’s FROhlFISHRELEASEDASSLBYEARLISGSONSTATION(DATA
ARE FROM PSMFC DAT~ASE)....................................................................  . . . . .._....._.._.._...........................  49

RGURE~~.  CORRECIEDESTI~IATESOFIL~YESTRATEOSAGES~-~SRBCHISOOKINZONE ~(STOCK
A~UKTISG.\lETHOD)DURlSG1986-1991,GI\-E~DIFFERESTF~LBACKRZTES0SUS MARKED cHIPiooKs5

FIGUREI& REWTIONBE~~ESF~LCHI~~~KS.~.~IOSCO~~~RSIOSRATES(BONNEMLLETOLOWER

GR~VITE DAMS) AXD HARYESI LEYEL IS THE ZOSE 6 FISHERY. __..............__.............._.............__.............._._  57
FIGLRElS. ~MPORILPA~ERh‘OFFALLCHISOOK~~DISGSIS~SE6COYPAREDTOPASSAGEAT~E

DALLES DAM, 1989-1991. (LAUDING ARE DATA mono ODFW, Cwcmnus;  DAM CXWXTS  FROM USACE,
PORTL,\ND). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 60

FIGURERS.  DAIS OPESTOF~SHISGISZOSE~(TRW~CO~IMERCLILARW)DURINGAUGU~-~OBER,~~~~-
1992. (SOURCE: ODFW AKD WDFW1987-1992).  LIGHTLYHATCHEDAREASISDICATEPARTIALDAYS.. 61

V i



f//e& a/ h-//Le/  Humed on Snuke Bier ful Chivok Final Report - March 1996

FIGURE 17. LESGTH  FREQUENCY OF AGE 4 CWT FALL CHISOOK FROM LYONS FERRY HATCHERY THAT WERE
RECOY-EREDIS THEZONE 6 FISHERY cmmutm TOTHOSERECOC-EREDATTHEHATCHERY.~NLYCROUPS
R.ELEA.SED As SUBYWINGS  WERE USED. D.%TA  ARE FROM PSMFC DATABASE....................................... 66

FIGURE 18. STOCK ~~IP~SITIOSOFTHEFALLCIIIS~~KL~DISGSISZ~SE  6,1986-1992.  DATAAREFR~M
TAC (19864992) .._.._........_..._.................................................................................................................... 68

FIGURE 19. NLMBER OF URB CHISOOK ESTIMATED TO PASS McN~Y Dm, SPAWN IN THE HA!!FORD REACH,
AND PASS ICE FJARBOR DAM EACH YEAR, 198-I-1991. DATA ARE FROM TAC (1984-1992). . . . . . . .._..............  69

FIGURE 20. FRECjUESCY DISTRIBLTIOS OF EV SCAL,~ FOR 30 SALMON STOCKS USED IS THE PACIFIC SALMOS
ConmfIssIos  “CHINOOK MODEL” CALIBRATION (SOURCE JIM NORRIS, UW, 1995). . ._. . . . . . . . . . . . . . . . . . . . . . . 77

FIGURE 21. !jESSITMTYOFSIMULATIOSSOF  5S.~RT\-ERFALLCHISOOKSALhlOS~APEMENTPRO.IECTIONS

TO VARIOUS EV SCALAR VALUES, RA~GISG FROM 1.0 TO 5.0 (SOURCE JInf NORRIS, UW, 1995). __...._.__.... 78
FIGURE 22. RETURVS OF SNAKE RIYER FALL CHISOOK S.%LMON (ADULTS AND JACKS) TO THE LYOSS -Y

HATCHERY, 1986-1994  (SOURCE: MENDEL ET AL 1995). . . . . . . . . . . . . ..__..._.....................................................  79

FIGURE 23. EFF~S OF FIXED ESCAPEMENT POLICY OF 35,cB)R TO 125,000 ADULT FALL CHINOOK SALMON ON
SIYUWTEDESCAPEMESTOFSNAKERIVERFALLCHISOOKSALYOS,GIVESAN  EVscm OF 2.0 (SOURCE
JIM NORRIS, UW, 1995).............................................................................................................................  81

fiCURF, 23. SLWWLATED ESCAPEMENT OF SNAKE RIY-ER FALL CHISOOK SALMOH UNDER YARIOUS FIXED HAR\‘EST
RATE SCENARIOS(SOURCEJIM  NORRIS, UW, 1995). _.___________.__.................................................................  82

hGURE 25. SIMULATIOS  OF SSAKE RIVER FzUL CHISOOK SALMOS  ESCAPEME!UT UNDER VARIOUS LEVELS OF
SELECTD’E HARVESI EFFECID-ENESS  - WPRE%3EDASAPERCESTAGEREDU(7TIONOFBASELISE~

HARWST LE~-ELS(SOURCEJIM NORRIS, UW, 1995)..................................................................................  85

V i i



f//es a/ h -her Humed on Snuke /p/Le/  Ful Ch,+ook Final Report - March 1996

LIST OF TABLES
TABLE 1. HARYESTRATES (HR) FORSSAKERIYERANDUPRIYERBRIGHTFALLCHINOOKBEL~WTHE

CXISFLLEScEOFTHESSAKERIVER, 1986-94 -E..PRESSEDINADULTEQUIVALENTSATRIYERENTRY(U.S.
v. thECON  TAC 1995). . . . . . . . . . .._......._..........____....._._.______ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

TABLET. FATEOFSRBCHISOOKATEACHAGETHAT~ERECOUNTEDATBOSSEVILLE  D.a,1986-1992,~~
ESTIMATEDBYRUSRECOSSTRUCTIOS  FRO~ISXKXACCY)USTING.(DATA  SOURCE: R RoLLER,WDFW).  6

TABLE 3. GROLYS  OF ADIPOSE-CWT~URKED  FALLCHISOOK RELEASEDFRO~ILYONSFERRYHATCHERYON

THE SSAKE RIVER, 1985-19%8.......................................................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
TABLE 3. (CO~TINUED)...................................................................................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..__........._.._.... 8
TABLET. (CO~TINUED)......................................................................................... . . . . . . . . . . . . . . . . . . . . . . . . ..___......._._......_ 9
TABLE& SUM~~YOF~~-S~~PLISGPROCEDURESA~D~ATIONSFORSSAKE~RFALLCHINOOK,

1984-1993. DATAAREFROM  PERSOSALCOMMU~ICATI~~,  B. BuGERT,WDFW,WENATCHEE..............  13

TABLET. RECOVERY DATA ON CWT CHINOOKFROM  LYOSS FERRYHATCHERY  (LHF), ASREPORTEDINTHE
PSMFC DATABASE,FORI%&86BROODCODEGROLPSTHATwERERELEASED  ONSI'ATIONAS

SUBYE~INGS RCATCHB = CATCH BELOWBOSNEVILLE, RCATCHA =CATCHABOYEBOSSEYILLE. 14
TABLET. DATA USEDTOESTIMATETHESLMBEROF  LFH FALLCHISOOKWITH  CWT’s  THATSPAWNED

NATURALLYABOVELO~ER  GRANITEDSN.  AB~~THALFOFTHEADIPOSE~IARKEDFALL~IHN~~K
OBSERYEDATLOWER GR~VITE D~hi HAYEBEESTRAPPEDEA~HYEARBEGISSINGIS  1990 ANDUSEDPOR
BROOD STOCK AT Lm. . . . . . .._.......__......_....._.......______. . . . .._._.......................................................................... 17

TABLES.  (CONTINUED) _......................................................__.............................................................................  18
TABLE 6. (CONTINIJFD)  . . . . . . . . . . . ._.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .._. . . . . . . . .19
TABLE 6. (CO?cTNJED)  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..............20
TF,BLE~.  RE~YERYDATAON  CWT CHIN~~KFROMPRIEST~IDSHATCIIERY(PRH),A~REPORTEDLNTHE

PSMFC DATABASE,FORI984-86BROODCODEGROIPSTHATwEREUSEDBY~CTOREPRESEsTU~
CHINOOK. RCATCHB =CAT~HBEL~WBONSEYILLE, RCATCHA= CATCHABOVE BoNNEYILLE.......~~

TAESLE~.  ALTERNATIVEESTI~CITESOFHAR~ESZ.RATESISZONE 6 ATEACHACEONSNAKERIYERFALL
CHISOOK, 1986-1992. HAR~~TDATAFORSRB'SAND  URB’s, SUPPLIEDBY RON RoLER,WDFWLAB,
BA~LEGROUSD,  WA~HINCTON................................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .27

TABLE~O. AGEANDSEXSPECIFIC ~TU~(MATR)~NDOCE~~~~RATE(OHAR)OF  LYONSFERRY

cHISOOK,~!%&86BROODS,ASESTIMATEDBYCOHORTAsALYSISOF  CWT GROIPSRELEASEDOSSIATIOs
AS SUBYEARLINGS.......................................... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ._.._......_.._ 30

TABLETS. AGE SPE~IFICHAR~ESTRATESINTHE  COLVUBU RIYERFORPRIESTRAPIDSFALLCHINOOKAS
ESTIMATEDBYCOHORTAXALYSISOF  CWT GROUPSRELEASEDOsSTATIONASSUBYE/&LINGS  BarnoN
DATA IN TABLET...................................... . . . . .._............................................................................................ 40

TABLEI~. CO~~~RSIOSRATES~SEDBYTHEFISHER~ESAGESCIESFORSS~R~~RF~LCI~ISOOK(FROMU.S.

v. OREGOS  TAC 1995).A  .._._._.....______......____....._.____ . . . ..__............................................................................. 42
TABLE 13. ~ENUnlBEROF  CWT ~HISOOKFRO.MLYOSSFERRYHAT~HERYTHATPASSED ICE HARBOR DAMAT

EACHAGE,ASESTI.~TEDBYTHECOHORTMETHODDOCU~lENTEDISTHISREPORT-~COMP~DToT~

METHODL'SEDByJ%C. PSC ESTIMATESAREFROMPERSONAL~OMMUSICATI~N,  M. JoHNsoN,CRITFC,
PORTLAND). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..__......._______ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 47

TABLE 15. HARYE~TRELATEDWOCSDINGRATESOSFALLCHIS~~K~AL~~~~TRAPPEDAT  ICE HARBORDAM.
(1991 AND 1992 DATAFROMPERSOS~CO~~~~UNICATION,RUDY~SGE,~.~~C~PE~T~~SH~"~~ '

WILDLIFEUNIT, Moscow; ~~~DATAFRoMPERSOSAL~OM~IUNICATIONGLES  MENDEL,WASHKGTON

DEPARTMENT OF FISH AND WILDLIFE, DAYTON).......................................................................................  58
TABLE 16. NUMBEROFHOURSOPENTOGILLNETFISHINGISZONES  1 THROUGH 5 DURING 1987-1992. DATA

ARE FROM WDFW AND  ODFW (1988-1993). . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .._..........._................................ 62
TABLE 16. (CONTISCED).................................................................. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .64

v i i i



ffleds u/ h-/her Homed on Snake ff/Le fol Ch/nOa Final Report - March 1996

TABLE 16. (CONTINUED) .___.............._____________...._.._....................___._____  ERROR! BOOKMARK NOT DEF’INJZD.
TABLE 17. CWT’s  RECO\-ERED  IS THE ZONE 6 FISHERY DUR~SG 1990. DATA ARE FROM PSMFC DATABASE.  . . 70
TABLE 17. (COXTISUED) .._____.__._........................................................................................................................  7 1
TABLE 18. THREEMEXXXESOFCE~TRALTESDESCYOF EV ~~~~ARSOFTHE~O~HIN~~K!~~XSFR~MTHE

P!SCTECHSICAL~~~~M~~~EECALIBRATIOSSLAIBER  9525 (J.Noms,  UW,JUNEUI, ~~!%,PERWNAL
COMnIL3ICATION).  _..........._..___________...........................________......._...............................................................  75

TABLETS.  ESTI~UTFSOFPOTEYHALRUNSIZESOF  URD .LVDSRDFALLCHINOOKSALMONATMCNARY  DA%I IN
THEABSEN~EOFHA~~, 1986-1991  @ATAO~COL~~IBL~RWERRUNSI~~~~?~~~IONRATES
FROM US v. ORECOS  TAC 1995). _____......_.._..............._______________...._..............._.._........................................  80

TABLE~O.  DBTR~BLTION OFADCLTCODEDW'IRE  T.~GRECO\~ERIESOFSN~~~RFALLCHINOOKSALMON
T.UXEDASYEARLINGSA~DSUBYEARLINGS@R~~~  NMFS PROP~SEDRECOVERYPLAN 1995; PV-3-6).... 83

i x



Efl/ecfs  of h-her Humed on Snuke fiier  ful &hook Final Report - March 1996

LIST OF EQUATIONS

EQUATION  1. CAL~IJLATION  OF ZONE 6 HARVEST  RATE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5
EQUATION  2. GENERALIZED  EQUATION  FOR COHORT  ANALYSIS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
EQUATION  3. OVERWINTER-  SLJRVIVALRATES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 10
EQUATION  4. CONVERSION  RATE  FROM THE COLUMBIARIVER  MOUTH  TO MCNARY  DAM .
EQUATION  5.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
CONVERHON  RATE  FOR EACH SNAKE  RIVER DAM . ..,..............,........................................................... 41

EQUATION  6. CONVERHON  RATE  FROM MCNARY  DAM TO ICE HARESOR  DAM. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .41
EQUATION  7. STOCK AWXINTAEUUT~  CALCULATIONS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 43
EQUATION  8. ESCAPEMENT  OF AGE 5 FISH . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .43
EQUATION  10: AGES FISH= EV *. STORK-RXCRLJIT ESTIMATE . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .74

X



EflecS  of /n-//Le/  Humesi  on Jnuke  h%er  1551 Chltouk Final Report - March 1996

Disclaimer

This report was funded by the Bonneville Power Administration (BPA), U.S. Department
of Energy, as part of BPA’s program to protect, mitigate, enhance, and recover fish and
wildlife affected by the development and operation of the hydroelectric facjlities  on the
Columbia River and its tributaries. The views presented in this report are the authors
and do not necessarily  represent the views of BPA.

Acknowledgments

Deborah L. Docherty‘served as BPA’s Contracting Officers Technical Representative
(COTR) to develop the task order, and she managed the contract with S.P. Cramer &
Associates to perform this work. James G. Norris, University of Washington, -
developed the CRiSP.2 Chinook Salmon Harvesting Model (under a separate BPA
contract) and conducted modeling simulations that were used in this report to compare
various harvest management strategies.

xi



~TJ,y&-j-  0.l ,,T - / +/ &f>fJ: 0.7 >~G.+ i;i;  .ff i3.d’  ;yT.,~~~y Final  deport - March 1996

PROBABLE  EFFECTS  OF ALTERNATIVE IN-RIVER HARVEST
REGULATIONS  ON RECOVERY  OF SNAKE RIVER FALL

CHINOOK  SALMON

INTRODUCTION

The Snake River Salmon Recovery Team (SRSRT 1993) concluded that, “modification
of the harvest of Snake River salmon, and reduction of harvest rates on fall chinooks
are vital to an early start for the recovery process.” However, the Recovery Team also
concluded that reduction of harvest rates alone could not accomplish recovery of the
population. Although the harvest of Snake River fall chinook has been the subject of
much analysis and discussion by management agencies and interested parties (see
Lestelle and Gilbertson 1993 for a review), there remains much uncertainty about the
role that in-river harvest has played in the population decline or will play in population
recovery. The Chinook Technical Team estimated that harvest rates of Lyons Ferry
Hatchery fall chinook averaged 39% in the Columbia River for the 1984-86 broods
(PSC 1992) while Chapman et al. (1991) estimated that in-river harvest rate had
ranged from 4443% during the 1980’s. The difference in these estimates resulted from
different assumed rates of interdam loss. Lestelle and Gilbertson (1993) concluded
that dam conversion rates were a critical uncertainty in assessing benefits of harvest
reductions.

Additional uncertainty about the impacts of harvest exists, because in-river harvest is
known to be selective, but the magnitude and effects of this selection for a specific
temporal portion of the run or for sizes of fish in the run have not been thoroughly
analyzed. Cramer (1992) used recoveries of CWT chinook from the mid Columbia to
demonstrate that harvest was highly selective for larger fish in the run. Further, Cramer
et al. (1991) demonstrated temporal selection by in-river harvest had substantially
altered the timing of coho runs from the Clackamas River.

The goal of the study reported here was to quantify the probable effects that alternative
strategies for managing in-river harvest would have on recovery of Snake River fall
chinook salmon. In order to achieve this goal, we used two analytical approaches.
First, documentation of the existing data base and quantification of the impacts of
various harvest strategies on Snake River fall chinook - primarily via cohort analyses.
Secondly, we use the findings from the standard harvest analysis techniques as input
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to the CRiSP.2 Harvest Model (Norris 1996) to simulate the future effects of various
alternative scenarios for in-river harvest management on Snake River fall chinook.

IMPACTS OF IN-RIVER FISHERIES

In order to fully evaluate the impacts of in-river harvest on Snake River fall chinook, it
was necessary to determine the full extent of ways in which harvest can affect
population productivity over the long term. Accordingly, we analyzed not only the
proportion of the population removed by harvest, but also the extent that harvest
selectively removed specific segments of the population. The results of these analyses
were then used to deduce how the quantity and quality (in terms of specific
characteristics) of fish removed affect the production of progeny in future generations.
Discussion of these topics is divided into sections on harvest rate and harvest
selectivity.

HARVEST RATE
There has been concern among biologists that various assumptions required in order to
estimate harvest rate may introduce bias into the estimates. The most consequential of
these assumptions are those for the treatment of interdam loss, which has been
identified as a critical uncertainty. Therefore, we estimated harvest rate on Snake
River fall chinook (referred to as Snake River Brights or SRB's) by several different
methods, and analyzed the differences in the results of these methods to identify the
probable sources of bias or error associated with each method.

Alternative Estimation Methods
We pursued three approaches to estimating harvest impacts on Snake River fall
chinook:

1. Use of run reconstruction through stock accounting of escapement and landings
data to estimate harvest rate of SRB chinook in Zone 6 alone.

2. Use of CWT recoveries of fall chinook from Lyons Ferry Hatchery in a cohort
analysis to estimate age and sex specific harvest rates for Zone 6 and for below
Bonneville Dam.

3. Comparison of harvest rates estimated for SRB chinook by the above methods
to those estimated by the same methods for Upriver Bright (URB) fall chinook.

The methods and results for each approach are described separately below.
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Description of Methods

Method 1: Stock Accounting of Zone 6 Landings

For purposes of harvest management, fisheries agencies consider fall chinook in the
Columbia River to be composed of five major components: Lower River Hatchery
(LRH), Lower River Wild (LRW), Bonneville Pool Hatchery (BPH), Upriver Bright
(URB), and Mid-Columbia Bright (MCB) (CRTS 1993). All spawning areas for the LRH
and LRW components are below Bonneville Dam. The BPH component, which crosses
Bonneville Dam, is produced at Spring Creek National Fish Hatchery, and is
distinguished in the counts crossing Bonneville Dam by its dark skin color. The MCB
component is hatchery fish of URB lineage that are produced at the following
hatcheries below McNary Dam: Bonneville, Little White Salmon, Klickitat, and Umatilla.
The URB component includes the wild Deschutes River fish and all fish spawning

above McNary Dam. The Snake River Brights (SRB) are managed as a subset of the
URB component.

Data that account for each stock component of the fall chinook run are compiled each
year by the Washington Department of Fish and Wildlife and Oregon Department of
Fish and Wildlife and are reported by Technical Advisory Committee (TAC) of the
Columbia River Fisheries Management Plan (TAC 1984-1992). The procedure for
dividing the run into its component involves reconstructing the run, beginning in the
spawning areas, and working back downstream through the fisheries to the dam
counts. The run reconstruction requires an accounting of the age composition of fish at
each recovery site so that CWT recoveries can be used to estimate the number of each
stock captured in the fisheries (CWT codes and mark rates are brood specific). The
procedure for run reconstruction works like this:

1. Spawning escapement into each hatchery is enumerated, age sampled, and mark
sampled. All CWT’s are decoded and the number of each stock represented is
estimated by expanding according to the fraction of fish marked among adult returns
to the terminal area, or by the fraction of juveniles marked.

2. Natural spawning escapement is surveyed in most tributary and mainstem areas
where spawning is common. Carcasses are sampled for age and marks. All CWT’s
are decoded and the number of each stock represented is estimated by expanding
according to the fraction of fish marked among adult returns to the terminal area, or
by the fraction of juveniles marked. The spawner escapement in each tributary is
estimated, usually by mark-recapture. For the upper Columbia, the terminal
accounting point is Priest Rapids Dam, where a portion of the run is mark-sampled
when trapped for brood stock at Priest Rapids Hatchery.
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3. For the Snake River, the terminal accounting point is Ice Harbor Dam. The
proportion of the run that is adipose fin clipped (Ad marked) is counted at Ice
Harbor Dam. During 19851989, the age and stock composition of the run was
assumed to be the same as the brood stock at Lyons Ferry Hatchery, some of which
were trapped at Ice Harbor Dam and some of which swam in to the hatchery. Since
1990, the fish trapped at Ice Harbor Dam for brood stock have been held separately
from those swimming in to the hatchery, so the age and stock compositions have
been calculated separately.

4. The number of fish caught in each major fishery is estimated by a statistical
sampling program. Landed fish are sampled for age, length and marks. All CWT’s
are decoded and the number of each stock represented is estimated by expanding
according to the fraction of fish marked among adult returns to the terminal area, or
by the fraction of juveniles marked.

5. The number of fish at each age from each stock are assembled from the above
components, until the run is reconstructed at Bonneville Dam. All fish in the count
at McNary Dam not accounted for at counting and survey areas above McNary Dam
are assigned to the natural spawning group in the mid Columbia River. The total
number of bright fall chinook accounted for by this procedure is always less than the
count of bright fall chinook at Bonneville Dam, so all age and stock components are
expanded for the unaccounted proportion.

6. The number of fish at each age and from each stock escaping to tributaries below
Bonneville Dam and caught in the Columbia River below Bonneville are added in to
the run to estimate run size at the river mouth by age and stock.

Thus, the annual stock accounting completed by the WDFW Columbia River Fisheries
Lab for TAC provides data that can be used to calculate an estimate of age-specific
harvest rates of each of the main stock groupings in Columbia River fisheries. Harvest
rates reported by TAC in the 1993 Biological Assessment of fall season fishery impacts
on Snake River fall chinook were derived from this process and were reported as a
single in-river harvest rate for “adult” chinook (Table 1). Because the run was
reconstructed by age groups, not size groups, this harvest rate on “adults” was
calculated as the weighted average harvest rate on age 3 through 6 fish (personal
communication, R. Roller, WDFW, Battleground).

The stock accounting for major in-river fisheries was least complex in Zone 6
(Bonneville Dam to McNary Dam), and therefore, was likely most accurate in Zone 6.
Because of the few stocks of fall chinook involved in the Zone 6 fishery, coupled with
the high harvest rate within Zone 6, the Zone 6 fishery provides our best opportunity to

4
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draw meaningful comparisons between alternative estimates of harvest rates on LFH
fall chinook.

The annual harvest rate of SRB chinook in Zone 6 can be estimated by:

Equation 1. Calculation of Zone 6 harvest  rate.
Zone 6 harvest rate = No. SRB’s in Zone 6 catch I No. SRB’s  passing Bonneville

The same formula applies to the stock accounting of URB’s.  The data developed
through this process for Bonneville escapement, along with the estimated harvest rates
in Zone 6 for SRB chinook are presented in Table 2. The term SRB includes both
hatchery and wild Snake River fish.

Table 1. Harvest rates (HR) for Snake River and upriver bright fall chinook below the confluence
of the Snake River, 1986-94 - expressed in adult equivalents at river entry (U.S. v. Oregon TAC
1995).
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Table 2. Fate of SRB chinook at each age that were counted at Bonneville Dam, 1986-1992, as
estimated by run reconstruction from stock accounting. (data source: R. Roller, WDFVV).

Run Bonneville SRB Count
Year A g e 2 Age 3 Age 4 Age 5 Age 6

1986 3608 3513 111 202 5
1987 2269 1433 10715 0 0
1988 2274 920 2331 2353 0
1989 1829 1436 2277 431 84
1990 2731 837 2665 1058 33
1991 668 1457 2438 1551 97
1992 963 1524 2554 908 76

Run Bonneville SRB Account
Year Age 2 Age 3 Age 4 Age 5 Age 6

1986 2690 3480 111 194 5
1987 1572 1314 9874 0 0
1988 1847 882 2234 2246 0
1989 1157 1317 2075 392 76
1990 1807 740 2335 924 29
1991 473 1205 1937 1254 77
1992 711 1316 2197 774 65

Run Zone 6 Catch
Year Age 2 Age 3 Age 4 Age 5 Age 6

1986 40 631 0 145 5
1987 5 368 4555 0 0
1988 73 133 957 1096 0
1989 0 215 937 207 49
1990 5 121 1156 445 21
1991 35 125 567 437 17
1992 0 80 252 203 81

Run Zone 6 Harvest Rate
Year Age 2 Age 3 Age 4 Age 5 Age 6

1986 1.11% 17.96% 0.00% 71.78% 100.00%
1987 0.22% 25.68% 42.51% 0.00% 0.00%
1988 3.21% 14.46% 41.06% 46.58% 0.00%
1989 0.00% 14.97% 41.15% 48.03% 58.33%
1990 0.18% 14.46% 43.38% 42.06% 63.64%
1991 5.24% 8.58% 23.26% 28.18% 17.53%
1992 0.00% 5.25% 9.87% 22.36% 10.53%

6
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Method 2: Cohort Analysis of CWT Recoveries
Historical harvest records that can be specifically identified as Snake River fall chinook
data are limited to CVVT recoveries of fall chinook from Lyons Ferry Hatchery. The first
juvenile fall chinook with CW's to be released from Lyons Ferry Hatchery as
subyearlings were from the 1984 brood (Table 3), and compilation of recovery data for
CW's is now complete through the 1986 brood. For the purposes of estimating
harvest impacts on naturally produced fall chinook from the Snake River, we used only
those groups that had been released as subyearlings, because wild Snake River fall
chinook generally emigrate as subyearlings. CWT marked groups from Lyons Ferry
Hatchery have been released as both subyearlings and yearlings, and distinctly
marked groups of both types have been released on station or transported to below Ice
Harbor Dam. Recoveries of CW's from these groups indicate that age at maturity of
fall chinook released as yearlings tends to be older than that for fish released as
subyearlings (Bugert et al. 1992). Because of the potential effects of release practices
on age-at-maturity and contribution to in-river harvest, fisheries agencies have used
only the CWT recoveries from fish released on station as subyearlings to represent
naturally produced fish (TAC 1993).

Table 3. Groups of adipose-M/T marked fall chinook released from Lyons Ferry Hatchery on the
Snake River, 1985-l 988.
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Table 3. (continued).

TAG BROOD RELEASE AGE AT NUMBER ADJPOSE NOT TOTAL
CODE YEAR TYPE RELEASE TAGGED ONLY MARKED RELEASE

-Stationhub-Yearlina  1 9i%%l(?3136/38  1 1 9 8 5  IOn
63136139  1 Ion-St

63142159 1986 On-Station Sub-Yearling 126,076 2,836 128,912

63/42/61 On-Station Sub-Yearlina 125.570 2.824 128,394
163/42/62  1

63/52/14 1987 On-Station Sub-Yearling 124,345 374 839,682 964,401
63/52/16 On-Station Sub-Yearlina 124.394 374 840,018 964,786

1 63/52/11 1 ansport Sub-Yearling 122,850 2,125 21,246 146,221

63152113 Transport Sub-Yearling 122,899 2,125 21,254 146,278
63147152 On-Station Yearling 57,756 58 57,814

63147156 On-Station Yearlina 57.594 58 57.652

63147150
I

Transport Yearling 59&o& 299 591907
63147155 Transport Yearling 59,609 299 59,908

8
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Table 3. (continued).

I I
63155144 1989 ISub-Yearling 1 123,640 3,662 127,302
-63155147 Sub-Yearling 123,233 3,601 126,834
63155149 Sub-Yearling 118,104 4,716 122,820
63155150 Sub-Yearling 119,941 4,787 124,728

63141143 1 1990 1 ISub-Yearling 1 111,7841 5621 1 112,346
-63141160 Sub-Yearling 110,748 1,345 112,093
63140112 Yearling 23,954 113 24,067
63140113 Yearling 21,137 268 21,405
63141118 Yearling 218,110 1,515 219,625
63141120 Yearling 202,674 2,566 205,240
63/42/09 1 IYearling 1 104,820[ 7921
'6314200 1 IYearling I 98,374l 5601

1 105,612/

I 98,9341

We applied cohort analysis to the CWT recovery data to estimate harvest rates of
Snake River fall chinook. Methods for cohort analysis have been described by the
Pacific Salmon Commission (PSC 1988); Schaller and Cooney (1992); and TAC
(1993). Cohort analysis is simply an expanded inventory or accounting procedure of
the number of fish from a given CWT release group that were caught in ocean
fisheries, were caught in river fisheries, escaped to spawn in the river, or escaped to
spawn in a hatchery. Additionally, estimates of the number of fish that died between
each of these events are incorporated into the accounting. The procedure begins with
the oldest age group, assuming that all fish remaining alive at age 5 mature. An

9
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occasional fish shows up at age 6 and these fish are grouped with age 5 fish in the
analysis. An inventory of the population of fish alive at the beginning of age 5 is
estimated by the following equation:

Equation 2. Generalized equation for cohort analysis.

Alive(S) = Ice Harbor Trap(5)lCFl  + Hatvhery(5)/CF2 + Spawn(5)/CF3 +

River Catch(5) + Ocean Catch(5)

where

Ice Harbor Trap(S) = number of age 5 fish trapped at Ice Harbor for brood atLyons
Ferry Hatchery

Hatchery(S) = number of age 5 fish spawned in the hatchery

Spawn(5) = number of age 5 fish spawning in the river

CFl = Conversion Factor for interdam loss to Ice Harbor Dam

CF2 = Conversion Factor for interdam loss up to the hatchery

CF3 = Conversion Factor for interdam loss to Lower Granite Dam

River Catch(5) = number caught at age 5 in any river fishery
Ocean Catch(5) = number caught at age 5 in the ocean

Conversion factors were calculated from the stock accountability database, and those
calculations are discussed in a later section of this report. A similar calculation to the
above equation can then be made for the population alive at the beginning of age 4 by
starting with the number alive at age 5 and expanding for an assumed overwinter
survival between age 4 and 5 of 90%. Those fish that remained in the ocean after age
4 are added to the inventory equation for age 4, similar to the equation for age 5 given
above. This process can be successively repeated for each younger age, through age
2. Ovetwinter survival rates of fish remaining at sea are assumed by fisheries agencies
to be as follows:

Equation 3. Overwinter ocean survival fates.
0 age5 =age4 (0.90)

0 age4 = age3 (0.60)

0 age 3 = age2 (0.70)

10
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We included additional levels of accounting to the cohort procedure described above
such ?hat harvest rates could be estimated for each sex at each age, and above versus
below Bonneville Dam. Sex was not reported for all CVVT recoveries, so we assumed
the sex ratio at each age among CWT recoveries for which sex was determined was
representative of all other CWT’s at that age (see Appendix 1). We assumed that the
age 2 population, prior to maturation of jacks, was composed of 50% males and 50%
females.

Fish spawned in Lyons Ferry Hatchery were obtained from three sources: swim-ins to
the hatchery, fish trapped at Ice Harbor Dam, and fish trapped at Lower Granite Dam.
Fish from these sources had to pass over different number of dams, so they probably
suffered different levels of passage mortality. To account for this, CWT’s recovered
from each of these sources had to be expanded for different conversion rates. This
was easy for 1991 and 1992 returns, because fish taken from each location were held
separately in those years. Prior to 1991, fish obtained from different locations were
mixed together for holding at Lyons Ferry Hatchery, so that when the Cl/VT’s  were
recovered, it was unknown which location the fish came from (Table 4). Because we
do know the total number of fish that came from each location, we assumed that CWT’s
came from each location according to the proportion of the broodstock obtained from
that location. This assumption appears reasonable, because Busack (1991) found that
the stock composition of fish trapped at Ice Harbor was similar to the stock composition
of fish that swam in to Lyons Ferry Hatchery and that were trapped at Lower Granite
Dam. No jacks were trapped at Ice Harbor Dam (<6Ocm),  so all age 2 fish in the
hatchery were swim-ins. Only jacks were taken at Lower Granite prior to 1991 (Table
4) and those fish were not held for brood, so the CWT composition of jacks from Lower
Granite was maintained separately. Recovery data for Lyons Ferry CWT’s used in this
analysis are presented in Table 5.

We found that trapping of adipose-CWT  marked fall chinook at Lower Granite Dam
provided a reasonably dependable database for estimating natural spawning of LFH
fall chinook in the Snake River. Several attempts (including radio tagging, SCUBA
surveys, and remote underwater video surveys) to discover spawning in the tailraces of
Snake River dams have indicated that relatively few fish spawn in these areas. We
assembled the mark-sampling data at Lower Granite Dam and developed estimates of
the number of CWT fish from each group that passed Lower Granite (Table 6). We
used the estimates developed by WDFW of fall chinook stock composition at Lower
Granite Dam to estimate the total number of LFH stock that passed the dam to spawn
naturally. Next, we estimated how many of those fish belonged to each CWT group
based on the proportion with that code of Lyons Ferry stock spawned at the hatchery
(Table 6). This procedure indicated that naturally spawning fish composed a small
proportion of the escapement of CWT fish.

11
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Method 3: Comparison to URB Harvest Rates Estimated by Methods 1 & 2.
In order for URB chinook to serve as a surrogate for SRB chinook, the URB chinook
should be caught at the same time and place in the Columbia River as SRB chinook.
Because CWT fall chinook from Priest Rapids Hatchery are used to represent URB fall
chinook by fisheries agencies and for the PSC model (PSC 1988) we compared the
timing of harvest in Zone 6 for CWT chinook from Priest Rapids Hatchery to that of
CWT chinook from Lyons Ferry Hatchery. We found that harvest timing for the two
stocks matched closely (Figure 1 ), even for two broods (1984 and 1986) that did not
overlap each other in the years that age 4 and 5 fish returned (age 5 fish from the 1984
brood returned in 1989). Given that harvest timing is the same for the two stocks, it
follows logically that harvest rates at a given age would be the same. Harvest rates
should only be compared for a given age or size range, because the proportion of jacks
(jacks have low vulnerability to gill nets) tends to differ between the two stocks (Cramer
and Neeley 1993). Since these two URB stocks, have such similar harvest patterns, it
is likely that other URB stocks also pass through the fishery at the same time.

1 2
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Table 4. Summary of mark-sampling procedures and locations for Snake River fall chinook,
1964-1993. Data are from personal communication, B. Bugert, WDFW, Wenatchee.

EAR ICE HARBOR DAM TRAP LYONS FERRY HATCHERY LOWER GRANITE DAM TRAP

I84 Age by size (adults > 61cm). No swim-ins

185

- -
Age by size (adults > 61cm). Swim-ins held/spawned with Trapped 50% of marked run e

trapped fish 56ull
First year of adult swim-ins Age by size (adults > 55cm).

b86

$87

388

989

990

Age by size (adults > 61cm).

Age by size (adults > 61cm).

Age by size (adults > 61crn).

Age by size (adults > 61 cm).

Age by size (adults > 61cn-1).

Swim-ins held/spawned with
trapped fish

Swim-ins held/spawned with
trapped fish

Swim-ins heldlspawned  with
trapped fish

Swim-ins held/spawned with
trapped fish

began separating by trapping

Trapped 25% of the marked run c
56cm
(attempted SO%, but late).
Age by size (adults > 55x1).

Trapped 49% of the marked run <
56cn-l
Age by size (adults > SW-n).

Trapped 53.2% of the marked run
<56Ull
Age by size (adults > 55cm).

NO trapping activities for fall
chinook
Age by size (adults > SScm).

First yr. adults trapped. Only CWT
source

e by size (adults > S!icm).

991 Age by size (adults > 61~1).  Only Separated by trapping source Trapped 39% CWl-‘s
marked
fish trapped at Ice harbor. Age by size (adults > 56cm).

962 Age by size (adults > 61cm). Only Separated by trapping source Started trapping for all MIT/ad
marked
fish trapped at Ice harbor. I

clips
Trap 85% CW (goal 100%)

993 Age by size (adults > 61cm). Only Separated by trapping source
marked
fish trapped at Ice harbor.

Age by size (adults > 55~1).

Trapped lOOoh CWT/ad clips

Age by size (adults > 5Su-n).

Dam counts and LGR trap classify adults as > 66cm,  fish trapped at IHD and LFH > 6lcm are
considered adults (Busack, C 1991; B. Bugert,  Personal communication)

13
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Table 5. Recovery data on CW chinook from Lyons Ferry Hatchery (LHF), as reported in the
PSMFC database, for 1964436 brood code groups that were released on station as subyearlings.
RCATCHB = Catch below Bonneville, RCATCHA = Catch above Bonneville.

CWT Age 6
Code Brood LFH6 IHTRAPG  LGRTRAP6 RCATCHB RCATCHA OCATCH6

633226 1984 0 0 0 0 0 0
633227 1984
633228 1984

Total-64

633638 1985
633639 1985
633640 1985
633641 1985
633642 1985

1

0 0 0 0 0 3
0 0 0 0 0 0

0 0 0 0 0 3

2 0 0 0 0 0

0 0 0 0 0 0
0 0 0 0 0 0

Total-66 0 0 0 0 0 0

Total-65

634259 1986
634261 1986

CWT Age 5
Code Brood LFH5 IHTRAP5 LGRTRAP5 RCATCHB RCATCHA OCATCH5

633226 1984 2 3 1 2 19 0
633227 1984 1 1 0 3 10 10
633228 1984 1 2 0 3 6 17

Total-64 4 6 1 a 35 27

633638 1985 2 5 0 2 4 8
633639 1985 2 4 1 2 8 0
633640 1985 1 2 1 0 9 5
633641 1985 1 1 0 0 8 9
633642 1985 1 2 0 0 2 23

14
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Total-85 7 14 2 4 31 45

634259 1986 7 0 4 6 27
634261 1986 10 0 7 2 12

Total-86 17 0 0 11 6 39

C W T  Age 4
Code Brood LFH4 IHTRAP4 LGRTRAP4 RCATCHB RCATCHA OCATCH4
633226 1984 4 15 2 14 53 81
633227 1984 4 15 2 37 66 112
633228 1984 5 17 2 34 39 82

Total-84 13 47 6 85 158 275

633638 1985 3 4 1 2 18 67
633639 1985 2 4 1 15 15 28
633640 1985 2 3 1 0 29 10
633641 1985 2 3 1 11 15 15
633642 1985 2 4 1 7 16 17

Total-85 11 18 5 35 93 137

634259 1986 12 24 3 8 62 104
634261 1986 9 19 2 2 66 102

Total-86 21 43 5 10 128 206

Age 3
Code Brood LFH3 IHTRAP3 LGRTRAP3 RCATCHB RCATCHA OCATCH3
633226 1984 19 18 6 25 43 132
633227 1984 18 18 6 21 34 90
633228 1984 23 22 8 9 17 102

Total-84 60 58 20 55 94 324

15
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633638 1985 0 2 0 0 0 10
633639 1985 2 5 0 0 4 5
633640 1985 1 2 0 4 3 7
633641 1985 1 2 0 0 0 5
633642 1985 1 5 0 6 0 8

Total-85 5 16 0 10 7 35

634259 1986 9 14 3 10 5 81
634261 1986 7 11 3 0 19 92

Total-86 16 25 6 10 24 173

C W T  Age 2
Code Brood LFH2 IHTRAP2 LGRTRAP2 RCATCHB RCATCHA OCATCHZ

633226 1984 13 0 24 10 3 22
633227 1984 12 0 13 12 2 13
633228 1984 9 0 19 4 6 19

Total-84 34 0 56 26 11 54

633638 1985 4 0 3 0 0 8
633639 1985 1 0 5 0 0 5
633640 1985 3 0 4 0 0 0
633641 1985 7 0 2 0 0 0
633642 1985 3 0 3 0 4 0

Total-85 18 0 17 0 4 13

634259 1986 7 0 0 3 0 3
634261 1986 17 0 1 0 4

Total-86 24 0 1 3 4 3

.

16
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Table 6. Data used to estimate the number of LFH fall chinook with CWT’s that spawned
naturally above Lower Granite Dam. About half of the adipose marked fall chinook observed at
Lower Granite Dam have been trapped each year beginning in 1990 and used for brood stock at
LFH.

Recovered Tags Estimates -- LFH Stock
DATE Tag code Brood Sample LFH Stock Total %CwT % c w T  Est. CWT

Year Size Sampled Natural code in code Natural
(N) for CWT Spawners Sample Trapped@ Spawners

LGR

1987 63/32/26 1984 37 a 3570 e 575 i 0.0104 0.049 j 6
63/32/27 1984 36 a 3570 e 575 i 0.0101 0.049 j 6
63/32/28 1984 45 a 3570 e 575 i 0.0126 0.049 j 7
63/36/33 1985 1 a 3570 e 575 i 0.0003 0.49 j 0
63/36/34 1985 1 a 3570 e 575 i 0.0003 0.49 j 0
63/36/36 1985 1 a 3570 e 575 i 0.0003 0.49 j 0
63/36/37 1985 3 b 3570 e 575 i 0.0008 0.49 j 0
63/36/38 1985 4 a 3570 e 575 i 0.0011 0.49 j 0
63/36/39 1985 1 a 3570 e 575 i 0.0003 0.49 j 0
63/36/40 1985 3 a 3570 e 575 i 0.0008 0.49 j 0
63/36/41 1985 7 a 3570 e 575 i 0.0020 0.49 j 1
63/36/42 1985 3 a 3570 e 575 i 0.0008 0.49 j 0

T o t a l  1 4 2  20!~‘~~~~~~~.::~.:~:~-:;...:.~.:.:-  _.._________  ..,..:...  y .A.............. -.__  :.~+>;.q::::>:~  . . . . . ~ . ___i______Li_  . .._..._...__.._  y....:‘:.j:  i... L. .: ________i______  :.xX.”  ..:.:. x.c..: .:.: Li )I; ::. :: :: :
~~~~~~~~~~~~~~~~~:~~.:i.~~~~~~i.’  :~.~.:.~~.~~~.:.:.:.:  .:::.>x.r.<.>  _ _: . . _: : ..:.)- .._:  .,; :“:...:..:~:.:.;:..:.;:  : : : ..: .:...::.::.::..:-
1988 63/32/26 1984 19 a 2062 e 192 i 0.0092 0 2

63/32/27 1984 19 a 2062 e 192 i 0.0092 0 2
63/32/28 1984 21 a 2062 e 192 i 0.0102 0 2
63/36/34 1985 3 a 2062 e 192 i 0.0015 0.0532 j 0
63/36/35 1985 2 a 2062 e 192 i 0.0010 0.0532 j 0
63/36/36 1985 1 b 2062 e 192 i 0.0005 0.0532 j 0
63/36/37 1985 5 b 2062 e 192 i 0.0024 0.0532 j 0
63/36/38 1985 2 a 2062 e 192 i 0.0010 0.0532 j 0
63/36/39 1985 7 a 2062 e 192 i 0.0034 0.0532 j 1
63/36/40 1985 2 a 2062 e 192 i 0.0010 0.0532 j 0
63/36/41 1985 3 a 2062 e 192 i 0.0015 0.0532 j 0
63/36/42 1985 6 a 2062 e 192 i 0.0029 0.0532 j 1

17
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Table 6. (Continued)

Recovered Tags
DATE Tag code Brood Sample

Year Size
WI

63/42/59 1986 7 a
63/42/6 1 1986 17 a
63/42/62 1986 64 a
63/44/O  1 1986 68 a

Total 246
.:.:zY.;::  ::.: :.:.: :&:. ::.: ..:.: .- : -- : 7; .:.:.-.: Z.Z. . . -...-.- .” . . . . . >.. e .: >..:.:q.:.:  :. :‘: .: : : _: . . . . :. :

.::::::: ::+:::::::.:::.::y :: j:--:: :.y:: j :. : . . . . . . . . . . . . . :. . . .
-. . . . . . . . . . . . ..-. .-. . . Y :.:-..:.:.:.....:.... . . : :: : _:  .:: :-:..:.

:..- : ::.: -: -...:...:.:::::::..::::~I  -: .:.:.:::::.:~::  :. (::: ::.:
: i

: . . . . ‘.‘.-.yA. ___  _ . . . . <.; ..:.

1989 63/32/26 1964 5
63/32/27 1984 1
63132128 1984 2
63136133 1985 8
63136134 1985 8
63136135 1985 9
63/36/36 1985 8
63136137 1985 6
63136138 1985 7
63136139 1985 6
63/36/40 1985 5
63/36/41 1985 4
63136142 1985 6
63/42/59 1986 22
63/42/6 1 1986 18
63/42/62 1986 62
63/44/O  1 1986 56

Total 233

a’
a
a
b
b
b
b
b
b
b
b
b
b
b
b
b
b

1990 63/36/33 1985 3
63136134  1985 5
63136135  1985 3
63136136  1985 3
63/36/37 1985 2 a!L

Estimates -- LFH Stock
.FH Stock Total % CWT % CWT Est. CWT
Sampled Natural code in code Natural
for CWT Spawners Sample Trapped@ Spawners

LGR
2062 e 192 i 0.0034 0.532 j 0
2062 e 192 i 0.0082 0.532 j 1
2062 e 192 i 0.0310 0.532 j 3
2062 e 192 i 0.0330 0.532 j 3

.-. :. .- .-. -- .i -.i.. . . . . . . . ..." :- . ..-....:..  ;-... ::._:-  . . . . . . . ..____  v.- ..,..  ;..:.>-.--  _,. ..:.:.,~^i'v,%::~:~~~~~~:~~~~~~...  .;,.<:  1:.: -:.: .:.:.:.:.: . . . . -.: ‘.'.".:"...................:  ..:...:.:.:.::  .:. .:.:.:. n L. 'T, '~.e$q . .'.s*FJF>
. . . . .-. .52:<:: : .;. ...:." ,..:A.~,::~::  ~~?~~~~~~~:~~~:~~~~~~~  :t 4
: :.. -:. : -- : . . . . _: _ -..;::::fy  i .:. : ; .:..:::  ;..-,  ;:-:.:z...<  :: :. _ _ ._ _.....: ,. . . . . . . . . . . . . . :..:..:::;:  :::  _... :: :<.::+  ..n. .., :: ..::: ..;< f$. ~...<,~~~~~~~~~~~~~__... ..,?"  :.:::~:.::;:‘""n": . . . .. . . . . . . rr . . .._ _ _ ,. .#,*c...<: : * .~~.~~.::.~,~.~:~;.~:~;~.~;~.;::::~~~,

206 i 0.0036 0 1--1403  e
1403 e
1403 e
1403 e
1403 e
1403 e
1403 e
1403 e
1403 e
1403 e
1403 e
1403 e
1403 e
1403 e
1403 e
1403 e
1403 e

206 0.0007 0 0
206 0.0014 0 0
206 0.0057 0 1
206 0.0057 0 1
206 0.0064 0 1
206 0.0057 0 1
206 i 0.0043 0 1
206 i 0.0050 0 1
206 i 0.0043 0 1
206 i 0.0036 0 1
206 i 0.0029 0 1
206 i 0.0043 0 1
206 i 0.0157 0 3
206 i 0.0128 0 3
206 i 0.0442 0 9
206 i 0.0399 0 8

34
-._I  _:-__  : -.: :.. .: -::  (: : :... :: -‘; ::-:  ..: . . . . . :.-.::.:..:.:.~~:-:.‘i::.:::::.::~:~:~:.:.::~-~:.  ::...

__  . ...’ :
;:;  _... : ; s-i  ~.~..~.-:.:.::.:~::..~::,  :...:-.:.  _;: :.i’i ;i __-,; : L: i:n

: :. >.:: i ..::x. -:::  ~~..~.~~~.~~-~~~~~~:;:~~-I;‘:~.:~.  . . ix, .:<<.:.z.<.
i:. ..‘. --‘-:‘“::.:.i:‘..............< ::.:.::  . . . . . . . . . . . . . .._...  ,..>.r..  j . . . ..__+r . . . . . . .I..<.<  .+...<  . ‘AS.._____ . . . _ ,

1000 f-
: :

,_  ,__ __  ” ::;.
<: ‘.:: ..: :.;:.g.::<::;:.....:.&.:;.+::<:  .::.: ::‘;  :.<  ,,*,..:.:,,:,  i ;;,,  _ _ ;.;;

. . . . . . . Y,......  . . . . . i’l: .:.: :,::~:..  :‘-

174 i 0.0030 0.5 0
1000 f 174 i 0.0050 0.5 0
1000 f 174 i 0.0030 0.5 0
1000 f 174 i 0.0030 0.5 0
1000 f 174 i 0.0020 0.5 0

1 8
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Table 6. (Continued)
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Recovered Tags Estimates -- LFH Stock
DATE Tag code Brood Sample LFH Stock Total %cwr % c w T EStCWT

Year Size Sampled Natural code in Code Natural
WI for CVW Spawners Sample Trapped@ Spawners

LGR

63136138

Total

1985
63136139 1985
63/36/40 1985
63136141 1985
63136142 1985
63/42/59 1986
63/42/61 1986
63/42/62 1986
63/44/01 1986
63/52/l  1 1987
63/52/l  3 1987
63/52/l 4 1987
63/52/l 6 1987
63/52/04 1988
63/52/07 1988
63102126 1988
63/02/28 1988

5 al 1000 f
6

211 1

a 1000
3 a 1000
2 a 1000
1 a 1000

34 a 1000
26 a 1000
43 b 1000
54 a 1000

1 a 1000
3 a 1000
3 a 1000
6 b 1000
3 a 1000
1 a 1000
3 b 1000
1 a 1000

f
f
f
f
f
f
f
f
f
f
f
f
f
f
f
f

174
174
174
174
174
174
174
174
174
174
174
174
174
174
174
174
174

i 0.0050
i 0.0060
i 0.0030
i 0.0020
i 0.0010
i 0.0340
i 0.0260
i 0.0430
i 0.0540
i 0.0010
i 0.0030
i 0.0030
i 0.0060
i 0.0030
i 0.0010
i 0.0030
i 0.0010

0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5
0.5

0
1
0
0
0
3
2
4
5
0
0
0
1
0
0
0
0

63/36/38 1 9 8 5 1
63/42/59
63/42/61
63/42/62
63/44/01
63/52/l  1
63/52/l  3
63/52/l  4
63/52/l  6
63/52/04
63/52/07
63/02/26

1986
1986
1986
1986
1987
1987
1987
1987
1988
1988
1988

2 c 1272
3 c 1272
6 c 1272
5 c 1272
3 c 1272
2 c 1272
1 c 1272
2 c 1272
4 c 1272
2 c 1272
2 c 1272

63/02/28 1988 1 cl 1272 g

205
205

1 9

205
205
205
205
205
205
205
205
205
205

i 0.0016
i 0.0024
i 0.0047
i 0.0039
i 0.0024
i 0.0016
i 0.0008
i 0.0016
i 0.0031
i 0.0016
i 0.0016
i 0.0008

0.39 0
0.39 0
0.39 0
0.39 1
0.39 0
0.39 0
0.39 0
0.39 0
0.39 0
0.39 0
0.39 0
0.39 0
0.39 0
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Table 6. (Continued)
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Recovered Tags Estimates - LFH Stock
DATE Tag code Brood Sample LFH Stock Total %CwT % c w T Estcwr

Year Size Sampled Natural code in code Natural
(N) for CWT Spawners Sample Trapped@ Spawners

LGR

63/55/44 1989 5 c 1272 205 ig 0.0039 0.39 0
63155147  1989 10 c 1272 205 ig 0.0079 0.39 1
63/55/49 1989 6 c 1272 205 ig 0.0047 0.39 1
63/55/50 1989 9 c 1272 205 ig 0.0071 0.39 1

Total 64 6
j :;:g~~$;.::~gygy~$ :~.~:::~~::.;.::.:.::.:::::::~.::.  ;::::.:;  .;.;  .:..i;:.  1.:..:-,:.:...:...  I.. i3:. :. . . . . : : -_ .- -._. ...‘< :.,.::  ..,:..,,  _____ : : :. “.X_ ___......:..:....:  .._____  : : : .: : ‘.X-‘..  .-.-.  .- .. .- -. .-.....-...........-.............................................. ..... . . . e :: :y. $i.~:~:~.~:~.~:~:~...  .y:: I.:(; ‘1 :. i .- :.;xz;>yz..:  -:- : ::.;.<: ::I:<::::.  . . . . . . . ..y.<.z.._ i j __ :. :_ _ _ . . . . . . i.......,.~.:.:~.:.:...:.:.:.:.:.:.:  : . . _...\ . . . . ..-:. __’ : : .- : . . : +??x$.z  y 1. :- . . .::  . . . . . i. . . . . . . . . < . . . . . . . . . . . . . . . . . . . . . . . .:<;:: .:.,.:.: ;;~::+::.:~  j. ..: : :-; : :_..:  :- .::.;:  :- :- : : ~:>,~.f+y+  I _,___  I___  (:>  ___.___,__  “‘..............  _.. . . . . x :... :.. : : :.. __ -.:

;: : : :: : .-:---:  :. :_ : ::.::.:: i :.:;: : ::-:  I :;;~;;;;;i~~=+L~x.$i

1992 ‘63136134 1985 1
: : -: f:.---;-:.-~  _.. .- ‘-..:..:.:.:  . .._ -. __..._  ...  . . . . . . . . . ...  . . . . . . I . . . 4__,...  .. . . . . . -“L-,-,...“i- . . . .~ ,.._: . ..-.  2
d 3233 h 277 h 0.0003 0.85 0

63/42/59 1986 1 d 3233 h 277 h 0.0003 0.85 0
63/44/01 1986 1 d 3233 h 277 h 0.0003 0.85 0
63/52/04 1988 3 d 3233 h 277 h 0.0009 0.85 0
63/52/07 1988 3 d 3233 h 277 h 0.0009 0.85 0
63/02/26 1988 6 d 3233 h 277 h 0.0019 0.85 0
63/02/28 1988 5 d 3233 h 277 h 0.0015 0.85 0
63155144  1 9 8 9  1 6 d 3233 h 277 h 0.0049 0.85 0
63155147  1989 17 d 3233 h 277 h 0.0053 0.85 0
63/55/49 1 9 8 9  1 7 d 3233 h 277 h 0.0053 0.85 0
63/55/50 1 9 8 9  3 0 d 3233 h 277 h 0.0093 0.85 0
63/41/43 1990 17 d 3233 h 277 h 0.0053 0.85 0
63/41/60 1990 7 d 3233 h 277 h 0.0022 0.85 0

T o t a l  1 2 4 0
Footnotes:
a) Bugert et al. (1991; Appendix C)
b) PSMFC CWT data base 1993
c) Lyons Ferry swim-ins only Lavoy, L. (1992; Table 2)
d) Lavoy, L. (Personal communication 1993)
e) Bugert et al. (1990; Table 9) represents all age classes
f) Age 36 only Bugert et al. (1991)
g) all ages, swim ins only, Lavoy, L. (1992; Table 5)
h) Lavoy, L. 1993 (Personal Communication; Table 1)
i) Busack (1991; Table 8)
j) Bugert et al. (1988). CWT recoveries at LFH show 10% of age 3 fish were under 55 cm -
the cut-off for trapping

2 0
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Harvest Timing - 1984 Brood -All ages

I 28 30 32 34 36 38 40 42 44 46 48

Harvest Timing - 1986 Brwd - All Ages

8
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Z
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.E 40
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28 30 32 34 36 38 40 42 44 46 48

Week

Figure 1. Number of CWT  fall chinook (subyearlings) from Lyons Ferry and Priest Rapids
hatcheries captured biweekly in the Zone 6 gill net fishery. (Source PSMFC database, Portland,
Oregon).
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In fact, counts of fall chinook at Columbia River dams indicate that migration timing for
all URB stocks combined peaks sharply within a fairly narrow time window that is highly
consistent between years (Figure 2). We compared time of passage for fall chinook at
The Dalles Dam to that at McNary Dam, and found that passage peaks sharply in early
September at both dams and that the difference in peak passage is generally about
one week (Figure 2). We chose The Dalles Dam rather than Bonneville Dam so that
hatchery fish returning to the Bonneville pool would not be included in the counts. This
comparison indicates that fall chinook destined for areas above McNary Dam move
quickly through the Zone 6 fishery, and further supports the notion that different URB
stocks are exposed to similar harvesting effort and removal rates in Zone 6.

After we had confirmed that the URB and SRB chinook pass through Zone 6 at the
same time, we applied methods 1 & 2 above to estimate harvest rates in Zone 6 on
URB chinook. Stock accountability data on URB chinook are presented in Table 7.
We applied cohort analysis to CWT groups from Priest Rapids Hatchery that were
released on station as subyearlings from the 1984-86 broods. Recovery data are
presented in Table 8. We used the same CWT groups used by PSC to represent URB
chinook in the ocean harvest (PSC 1993). We used the same interdam conversion
factors on the CWT data that are used by TAC (personal communication, M. Johnson,
CRITFC, Portland). These conversion factors are the same for Bonneville to McNary
as was applied to SRB chinook. No other expansion factor was applied for loss of fish
above McNary Dam.

2 2
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Table 7. Stock accounting for URB chinook in Zone 6,1986-1992.  Data from TAC reports, 1988
1993, and personal communication, R. Roler,  WDFW, Battleground.

Bonneville Zone 6 Catch (b)
Return URB LRH BPH URB MCB
Year Count (a)

1986 214,050 700 5,700 93,400 5,800
1987 303,967 600 1,700 123,300 15,900
1988 249,722 1,900 3,000 125,100 22,100
1989 211,878 0 13,300 98,800 22,100
1990 131,842 200 7,700 59,200 15,400
1991 86,681 400 22,800 23,700 6,300
1992 73,743 200 9,700 13,900 5,100

.
(a) 1993 Biological Assessment (TAC 1993, Table 2).
(b) TAC Reports (Table 5, 1984-1986; Table 4, 1987-1992).
(c) Other category represents Rogue River and stray stocks.

Other

300
400
300
400
400
300

URB
Harvest

43.6%
4 0 . 6 %
50.1%
44.6%
44.9%
27.3%
18.8%

2 4
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Table 8. Recovery data on CWT chinook from Priest Rapids Hatchery (PRH), as reported in the
PSMFC database, for 1984-86  brood code groups that were used by PSC to represent URB
chinook. RCATCHB = Catch below Bonneville, RCATCHA = Catch above Bonneville.

C W T
Code

Brood
633221 1984
633222 1984

Total-84

634102 1985

634128 1986

Hanford
Wild

634152 1986

C W T
Code

Brood
633221 1984
633222 . 1984

Total-84

634102 1985

634128 1986

Hanford
Wild

634152 1986

Age Age
6 5

‘RH RC6 OC ‘RH Hanf Othr RCB RCA OC
3 0 12 32 0 0 29 102 131
6 18 4 42 17 0 25 83 158

9 18 16 74 17 0 54 185 289

3 0 11 37 79 0 30 112 110

0 0 0 18 21 0 2 25 30

120 0 43 67 135 107 0 0 27 95 109

Age
4

PRH Hanf Othr RCB RCA OC
77 0 0 460 311 317
67 21 2 163 360 323

144 21 2 623 671 640

37 17 0 66 168 143

37 0 0 17 75 118

Age
2

PRH Hanf Othr RCB RCA OC PRH Hanf Othr RCB RCA OC
101 0 3 104 86 211 82 0 0 44 3 7
80 0 0 102 160 178 123 29 0 15 0 59

181 0 3 206 246 389 205 29 0 59 3 66

28 21 52 37 25 12 0 0 0 0 0

31 0 1 27 25 16 27 21 0 8 0 0

20 0 0 12 24 29 24 0 0 32 7 6
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Results of Harvest Rate Estimates

Age Specific Differences in Harvest Rate
Harvest rates estimated by all methods (Table 9) indicated that harvest rates were
similar between ages 4, 5, and 6, but that harvest rate was substantially reduced at age
3. Harvest rates on age 2 chinook in Zone 6 were almost nonexistent, and harvest
rates on age 3 fish were consistently lower than those on age 4 and 5 fish each year
(Figure 3). Such was also the finding of Schaller and Cooney (1992). Evidently, the
age 3 fish are not fully vulnerable to gill nets, because of their smaller size (see
HARVEST SELECTIVITY). Note that all of these methods calculate harvest rate in
terms of run size at Bonneville Dam, not at the river mouth. Run size at the river mouth
should be used for purposes of allocating catches between Zones 1-6, but the run size
at Bonneville should used to evaluate the proportion of the surviving run that is
harvested in Zone 6.

Because harvest rates at age 3 are lower than those at age 4-6, inclusion of age 3 fish
in the calculation of average harvest rate causes the average harvest rate to be less
than is actually experienced by most adults. TAC (1993) included age 3 fish in their
calculation of harvest rates for the 1993 Biological Assessment of fall commercial
fisheries. Use of this reduced average is misleading, because most females mature at
ages 4 and 5. Thus, the productivity of the population is reduced by a greater
proportion than the average harvest rate for ages 3-5 indicates. It would be more
appropriate for harvest managers to use harvest rate at age 4 or the average for ages
4-6.
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Table 9. Alternative estimates of harvest rates in zone 6 at each age on Snake River fall chinook,
1986-1992. Harvest data for SRB's and URB's, supplied by Ron Roler, WDFW Lab, Battleground,
Washington.

Estimation Method
ACCOUNT COHORT ACCOUNT COHORT

AGE/YEAR SRB LFH URB PRH

AGE 3
1986 18.0% -- -- --

1987 25.7% 26.3% 22.2% 54.3%
1988 14.5% 18.3% 18.5% 42.4%
1989 15.0% 22.9% 24.2% 41.4%
1990 14.5% -- 2.3% --
1991 8.6% -- 16.9% --
1992 5.2% -- 13.3% --

AGE4
1986 0.0% -- -- --

1987 42.5% -- 48.1% --
1988 41.1% 59.3% 53.9% 79.7%
1989 41.2% 60.6% 45 .8% 73.8%
1990 43.4% 51.5% 48.0% 62.7%
1991 23.3% -- 18.4% --
1992 9.9% -- 23.9% --

AGE5
1986 71.8% -- -- --

1987 0.0% -- 41.7% --
1988 46.6% -- 47.9% --
1989 48.0% 69.1% 47.2% 64.7%
1990 42.1% 43.3% 46.7% 43.8%
1991 28.2% 13.0% 32.6% 33.3%
1992 22.4% -- 12.7% -
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Harvest Rates of URB Chinook
Zone 6 Only
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Figure 3. Age specific harvest rates in Zone-6 each year, 1987-1992, on URB fall chinook, as
estimated by the stock accounting method. Data are from Table 9.E
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The misleading effect of including age 3 fish in the catch is most apparent from the sex
specific harvest rates calculated by cohort analysis of CWT recoveries (Table 10).
Fish returning at age 3 were 60% to 80% males (subyearling releases only) (Figure 4).
We confirmed with the CWT data that the high percentage of males at age 3 was
similar in the catch to that in the spawning escapement (Figure 4). Females that
matured at age 3 were consistently larger than males (Figure 5), and the harvest rate
on age 3 females was greater than that on age 3 males in each of the three broods
analyzed (Figure 6). This difference in harvest rates between the sexes at age 3, given
that 60-80% of age 3 fish are males, further increases the bias in estimated harvest
rate on females when age 3 fish are included in the calculation of average harvest rate.

The age and sex-structured cohort analysis that we completed demonstrated that, as a
consequence of including age 3 fish in the calculation of average harvest rate, the
average harvest rate is always less than that on age 4 fish, generally by 10 to 15
percentage points (Figure 7). This is an important difference when planning harvest
regulations, because most females mature at age 4. Further, age 3 fish have
composed a highly variable proportion of the run entering the Columbia River (Figure
8), so the inclusion of age 3 fish in the average harvest rate estimated by TAC (1993)
each year would have reduced the average by varying amounts between years. One
can see from Figure 8 that the downward bias in harvest rates, with regard to females,
would have been especially great in 1986 when the run was dominated by age 3 fish.
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Table IO. Age and sex specific maturity (MATR) and ocean harvest rate (OHAR) of Lyons Ferry
chinook, 1984-86 broods, as estimated by cohort analysis of CWT groups released on station as
subyearlings.

CWT Brood Release SURVZ
Code
633226 1984 78417 0.0062
633227 1984 78064 0.0055
633228 1984 78504 0.0052

Mean: 0.0057
Total-84 Sum:

633638 1985 98650 0.0028 0.145 0.003 0.031 0.586 0.443
633639 1985 49325 0.0044 0.164 0.031 0.216 0.687 0.589
633640 1985 49325 0.0035 0.215 0.043 0.212 0.680 0.597
633641 1985 49325 0.0034 0.263 0.009 0.106 0.648 0.568
633642 1985 49325 0.0042 0.181 0.039 0.204 0.556 0.412

Mean: 0.0037 0.194 0.025 0.154 ~ 0.631 0.522
Total-85 Sum: 0.188 0.023 0.149 1 0.630 0.516

634259 1986 126076 0.0026 0.061 0.086 0.199
634261 1986 125570 0.0027 0.142 0.088 0.211

Mean: 0.0027 0.102 0.087 0.205
Total-86 Sum: 0.103 0.087 0.205

Male
MATRZ
0.248
0.195
0.226
0.223
0.224

Female 1 Male
iiiEqE%
0.220 0.534
0.160 0.454 0.801 0.813
0.195 0.454 0.764 0.767
0.192 0.481 0.770 0.777
0.189 0.481 0.773 0.779

Es%
0.746 0.752

0.682 0.672

0.677 0.672
0.678 0.672

OHAR2 OHARS OHAR4 OHARe

0.045 0.238 0.374 0.000
0.030 0.155 0.396 0.332
0.046 0.199 0.358 0.547
0.041 0.197 0.376 0.293
0.041 0.197 0.377 0.293

0.029' 0.056 0.508 0.290
0.023 0.037 0.301 0.000
0.000 0.065 0.140 0.256
0.000 0.048 0.201 0.437
0.000 0.060 0.193 0.714
0.010 0.053 0.268 0.339
0.012 0.053 0.298 0.373

0.009 0.154 0.337 0.457
0.000 0.184 0.364 0.228
0.005 0.169 0.351 0.342
0.004 0.169 0.350 0.349
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Fall Chinook Sex Composition
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Figure 4. Percentage that males composed at each age of Lyons Ferry fall chinook, as
determined from CWTs  recovered in the catch (River) and returning to the hatchery. Numbers at
the top of each bar are the number of CWT fish for which sex was recorded. All subyearling
releases of CWT groups, either on-station or transported, were included. (Source: PSMFC
database).
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Length Frequencies Age 3

Lyons Ferry Hatchery returns-1 984 Brood

--- --.--.

Length  (mm)

Lyons Ferry Hatchery returns-1 985 Brood

Legnth (mm)

Lyons  Ferry  Hatchery  returns-l  986 Brood
1

Length  (mm)

lcJ~‘= = Females

Figure 5. Sex-specific length frequencies at age 3 of CWT chinook from Lyons Ferry Hatchery
that were released as subyearlings, either on-station or transported. (Source: PSMFC database)
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Harvest Rate in Zone 6
Lyons Ferry Stock - 1984 Brood

Final Report - March 1996
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Figure 6. Age and sex-specific harvest rates in Zone 6 of the Columbia River, as estimated by
cohort analysis of CWT groups released as subyearlings at Lyons Ferry Hatchery.
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In-River Harvest Rates - LFH Stock
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Figure 7. Comparison of harvest rates at age 4 to those for the average of ages 35 for the 1984-
86 broods. These rates were estimated by the cohort analysis we performed with CWTs
recoveries from subyearling chinook released at Lyons Ferry Hatchery.
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% Age 3 In Adult Run
Snake River Fall  Chinook  (CRTS 1993)
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Figure 8. Proportion that age 3 fish composed of the run of Snake River bright fall chinook
entering the Columbia River, 1986-1992. (Source: CRTS 1993, p. 23, Table 7).
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Differences in Harvest Rate Estimates Between Methods

There were substantial differences between methods in the estimates of harvest rate in
Zone 6 for any given year. We restricted the comparisons to harvest rates on age 4 or
the average for age 4-6 in order to avoid the bias caused by including age 3. Harvest
rates estimated by the stock accountability method were similar between SRB and URB
chinook in 1990, but the estimates were slightly higher for URB chinook in 1988 and
1989 (Figure 8). These differences were small enough that they could easily have
been produced by sampling errors in the accounting procedure.

TAC (1993) reported that estimated in-river harvest rates on SRB chinook has
averaged 83.9% of that on URB chinook during 19861992, and that harvest rates on
SRB chinook were estimated to be less than those on URB chinook in every year. The
comparison made by TAC included age 3 fish, so we recalculated the comparison
using the average stock accounting estimates of harvest rates on age 4-6 fish in Zone
6 alone. Even when restricted to age 4-6 fish, the estimated mean harvest rate on URB
chinook remained consistently higher than on SRB chinook (Figure 10). It appears that
there is also a systematic bias in the SRB chinook accounting to over expand the
escapement numbers, which results in an under estimate of harvest rate on SRB
chinook. See Table 13 and the associated discussion. We found no substantive
evidence that harvest rates should differ between URB and SRB chinook. Therefore,
we conclude that the consistent differences cited by TAC (1993) are an artifact of bias
in the expansions of sampling data. The harvest rates estimated on URB chinook
should be accepted as the best estimates of harvest rate on SRB chinook also,
because URB chinook destined for the mid Columbia composed the vast majority of the
landings in Zone 6 and the escapement over McNary Dam. Therefore, errors in
accounting for SRB chinook would have had little influence on the URB estimate, since
the SRB chinook composed such a small portion of the run (see Figure 17).

Harvest rates estimated by cohort analysis were substantially higher than those
estimated by stock accountability, particularly in the case of Priest Rapids fall chinook
(Figure 9). The substantial difference in harvest rates estimated by cohort analysis
compared to those by stock accounting indicates that there are probable biases in the
expansions of CWT recoveries from spawners.

The high harvest rates, estimated by cohort analysis for Priest Rapids chinook (see
Figure 9), appear to be unreasonable compared to the more direct estimates derived
from stock accountability data. Again, the major difference in the calculation procedure
between Priest Rapids and Lyons Ferry chinook is the use of prespawning mortality
factors above McNary Dam. Mortality in the Columbia River above McNary Dam is
assumed to be zero, while mortality in the Snake River (in the form of conversion
factors) is assumed to be 1 O-l 5% between McNary and Ice Harbor dams and 16-29%
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per pool above Ice Harbor Dam. The net result is that CWT’s recovered in the Snake
River get expanded by a factor of about two times more than CWT’s recovered in the
mid Columbia. Such a difference does not seem logical, and the aberrant harvest rates
estimated for Priest Rapids chinook using the assumption of no mortality above McNary
Dam demonstrates that the assumption is inappropriate. We determined by iteration
that a 50% mortality had to be assigned to the Priest Rapids fish above McNary Dam
before the estimated harvest rates came into line with those estimated by stock
accountability. It is conceivable that such a large prespawning mortality would go
undetected, because the reservoir behind McNary Dam itself serves as the holding
area for chinook during the two months between peak passage at McNary (mid
September) and peak spawning at Priest Rapids Hatchery (late November). Water
temperature during this time of year can be stressful and 27-37% of the fish have
hooking or net wounds (see Catch Expansions). The bias caused by the assumption of
no prespawning mortality in the mid Columbia River does not affect the calculation of
harvest rates on Snake River fall chinook.

As further evidence of the need to account for mortality above McNary Dam, we found
that harvest rates estimated from cohort analysis of CWTs for wild fall chinook in the
Hanford reach were much lower than those for hatchery fish (Table II). Higher
prespawning mortality on hatchery fish than on wild fish is a common occurrence, and
would explain the disparity in harvest rates estimated for hatchery and wild fish.

Probable Sources of Bias and Error
Because there are many data inputs to this accounting process, there are many
possible sources of bias or error in the calculations. These include errors in:

l assumed mortality during river passage,
0 natural spawner expansions,
l catch expansion,
l assumed mortality from non-landed catch,
l assumed mortality rates in the ocean.
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Estimated Harvest Rates in Zone 6
Comparison of Alternative Estimates
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Figure 9. Comparison of four estimates of age specific harvest rates in Zone 6 on Snake River
fail chinook.
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Figure 10. Comparison between URB and SRB chinook of mean harvest rate on age 4-6 chinook
in Zone 6, as estimated by the stock accounting method. Data from Table 9.
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Table 11. Age specific haNeSt  rates in the Columbia River for Priest Rapids fall chinook as
estimated by cohort analysis of CWT groups released on station as subyearlings. Based on data
in Table 8.

CWT
Code

633221
633222

Brood
1984
1984

Total-84

634102 1985 0.000

634128 1986 0.140

Hanford Wild
634152 1986

CWT
Code Brood

633221
633222

Total-84

1984
1984

634102 1985

634128 1986

Hanford Wild
634152 1986

Age 2
River
Total
0.363
0.089

0.208

0.613

Aae 3
Below 1 Above 1 River
Bonnvl 1 Bonnvl 1 Total
0.339 0.423 0.619
0.290 0.640 0.744

0.312 0.543 0.686

0.374 0.424 0.639

0.309 0.414 0.595

0.206 0.520 0.619

0.171 0.725 0.772
0.126 0.584 0.637

0.147 0.647 0.699

0.105 0.438 0.497

0.026 0.333 0.350

0.163 0.303 0 . 4 1 7

Age 4

0.265 0.796 0.850

0.425 0.797 0.883

0.225 0.738 0.797

0.124 0.627 0.673

0.107 0.424 0.486

Age 3-6
River
Total
0.823
0.782

0.804

0.647

0.568

0.467
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Assumed Mottalify During River Passage
The most probable cause of these differences in the harvest rates estimated by stock
accounting and cohort analysis is that the prespawning mortality rates assumed for
each method are substantially different. The stock accountability method requires the
least assumptions about prespawning mortality, because it uses counts at Ice Harbor
Dam to assess the SRB population size and it uses McNary Dam fish counts to assess
the URB population size. Thus, dam conversion factors, which represent prespawning
mortality and any unaccounted spawning, are applied only from Bonneville to Ice
Harbor for the SRB’s,  and from Bonneville to McNary Dam for the remaining URB’s.
Although the use of counts at Ice Harbor Dam minimizes the number of conversion
factors that must be applied to SRB escapement, it adds another bias from the fallback
rates that are known to be high at Ice Harbor Dam (Mendel et al. 1993). Bias caused
by fallback  will be discussed later.

Because the primary difference in the stock accountability and CWT cohort analysis
methods is the application of dam conversion rates, we will first describe how these
conversion rates are calculated and how they are applied to the different estimates of
harvest. The overall conversion rate for Snake River fall chinook has been calculated
as the product of three components; one for the Columbia River up to McNary Dam,
one for McNary Dam to Ice Harbor Dam, and one for a per-dam-rate in the Snake
River. These conversion rates represent the proportion of fish that can be accounted
for between dams by subtracting catch and turn-offs from the count at the downstream
end of the river section. Loss is assumed to be similar between each dam in the
Columbia River or the Snake River, so the single-dam conversion factor can be
calculated for a given river stretch by taking the nth root of the conversion for the
stretch, where n is the number of reservoirs the fish passed through. Conversion
equations used by the fisheries agencies are as follows:

Equation 4. Conversion rate from the Columbia River mouth fo McNary Dam.
Conversion = Cube root of [McNary ChF count/(Bonneville  URB count - Zone 6
URB catch - Deschutes turnoff)]

Equation 5. Conversion rate for each Snake River dam.
Conversion = Square root of [LGR ChF count/(Lower Monumental ChF count - LFH
swim ins - Tucannon and Palouse spawning estimates)]

Equation 6. Conversion rate from McNary Dam to Ice Harbor Dam.
Conversion = Average of single pool rates for Columbia and Snake rivers.

As shown in the equation for Bonneville to McNary, this estimate is developed from the
same stock accountability database that TAC uses to estimate harvest rates (see Table
5). Conversion rates calculated by TAC (1995) are listed in Table 12. These are the
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conversion rates that we used in all three methods of estimating harvest, but they were
applied in different ways in each method.

Table 12. Conversion rates used by the fisheries agencies for Snake River fall chinook (from U.S.
v. Oregon TAC 1995).a*

Footnotes:
a) Data developed by WDFW Columbia River Lab.
b) McNary FCH count / (Bonneville URB count - Z6 harvests - Deschutes

escapement).
c) Cube root of Bonneville to McNary rate.
d) Average of Columbia River single project and Snake River single project rates.
e) Square root of ((Lower Granite FCH count) / (Lower Monumental FCH count -
f) Lyons Ferry swim-ins - Tucannon and Palouse escapements).
g) Cube of single project Snake River rate.
h) Product of Bonneville-McNary,  McNary-Ice Harbor, and 3 Snake Projects

conversion rates.
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These conversion rates were involved in the different methods as follows. The stock
accountability method applies the Bonneville to McNary conversion factor (CFB& to all
fish crossing McNary Dam, in order to reconstruct the run at McNary back to the run at
Bonneville along with the fish that were caught or turned off between the dams. That
is:

Equation 7. Stock accountability calculations.

URB at Bonn. = URB at McNary/CFBeMc + Zone 6 catch of URB’s  + Deschutes turnoffs

SRB at Bonn. = SRB at McNary/CFBM,  + Zone 6 catch of SRB’s

SRB at McNary = SRB at Ice Harbor/CFMc-,,,

where CFMcmIH = Conversion Factor for McNary to Ice Harbor

The cohort analysis that we calculated with WIT’s  applied different conversion factors,
depending on where the fish was recovered. Rather than estimating the total
escapement of a given tag code by expanding the fish sampled at Ice Harbor Dam to
the total run over Ice Harbor, we estimated the escapement by summing the expanded
CWT recoveries from each component of the escapement. For example, the cohort
analysis calculates the number of fish alive at the beginning of age 5 (ALIVE (5)) as
follows:

Equation 8. Escapement of age 5 fish.
Alive(5) = Ice Harbor Trap(S)/CFl + Hatchery(S)/CF2 + Spawn(5)/CF3  +

River Catch(S)  + Ocean Catch(S)

where Ice Harbor Trap(S) = number of age 5 fish trapped at Ice Harbor for brood at

Lyons Ferry Hatchery

Hatchery(S) = number of age 5 fish spawned in the hatchery

Spawn(5) = number of age 5 fish spawning in the river

CFI = Conversion Factor for interdam loss to Ice Harbor Dam

CF2 = Conversion Factor for interdam loss up to the hatchery

CF3 = Conversion Factor for interdam loss to Lower Granite Dam
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River Catch(S)  = number caught at age 5 in any river fishery
Ocean Catch(S)  = number caught at age 5 in the ocean

We assumed that escapement included three components: fish that were trapped at Ice
Harbor Dam for brood stock, fish that swam in to Lyons Ferry Hatchery, and fish that
spawned naturally above Lower Granite Dam. We estimated the number of CWT’s that
were in each component based on the sampling of each component. Because these
components had passed different numbers of dams in the Snake River, we applied
different conversion rates to the different escapement components as follows:

Equation 9. Formulae for conversion rates applied to escapement components.

Fish Removal Point Conversion Factor

Ice Harbor Dam 3 Columbia pools x McNary-IH  pool

II Lyons Ferry Hatchery 3 Columbia pools x McNary-IH  pool x 2 Snake pools
I/

/I Lower Granite Dam 3 Columbia pools x McNary-IH  pool x 3 Snake pools
I I

This method of accounting for escapement of CWT’s passing Ice Harbor Dam resulted
in a substantially lower estimate of the number of CWT’s reaching Ice Harbor than was
estimated by simply expanding the sample at Ice Harbor to the dam count. A form of
this latter method was employed by PSC in their cohort analysis of CWT’s from Lyons
Ferry Hatchery, and their estimates of CWT’s at Ice Harbor Dam can be compared to
those that we derived (Table 13). The PSC estimates of CWT’s at Ice Harbor Dam are
8-34% lower at age 2 than ours, 50-100% higher age 3 than ours, and 3-36% higher at
ages 4 and 5 than ours. The method used by PSC for age 2 fish was similar to ours,
but they applied only a one pool conversion factor for fish reaching Lyons Ferry
Hatchery, while we applied a two pool conversion factor. The method used by PSC for
age 3-5 fish assumed that all marked fish counted at Ice Harbor Dam stayed above Ice
Harbor Dam and were represented by the CWT’s recovered at Lyons Ferry Hatchery,
either from fish trapped at Ice Harbor or from swim ins (personal communication, M.
Johnson, CRITFC representative to PSC, Portland). PSC found that the number of
swim ins to Lyons Ferry Hatchery during 1990-I 992 averaged 31.4% of the fish allowed
to pass upstream of Ice Harbor Dam. Therefore, they assumed in all previous years
that 31.4% of all CWT’s allowed to pass Ice Harbor Dam swam in to Lyons Ferry
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Hatchery and were recovered there. Because CWT’s were expanded directly to the
total count of marked fish at Ice Harbor Dam, there was no need to apply conversion
factors above Ice Harbor Dam, as we did.

The comparison in Table 13 of the estimated number of CWT’s at Ice Harbor Dam
demonstrates that the assumptions in one or both of these methods is inaccurate. It
turns out that the method used by PSC produces a harvest rate estimate closer to the
stock accountability estimate than our method (see lnterdam Loss). Recall that the
cohort method we used produced a higher estimate of harvest rate in Zone 6 than
actually observed in Zone 6. Therefore, it is probable that our method under estimated
spawning escapement. The bias in our method had to come from under estimating the
number of naturally spawning fish, which we assumed were all above Lower Granite
Dam. The estimates that we used of spawners that were trapped at Ice Harbor or
swam in to Lyons Ferry Hatchery were equal to or greater than those used by PSC.
However, we found that PSC did overestimate the number of age 3 fish that would have
reached Ice Harbor Dam, because they used a biased estimate of the size distribution
of age 3 fish. Only fish > 55 cm were trapped at Ice Harbor Dam, and PSC assumed
that only 25% of age 3 CWT’s were large enough to qualify as adults (>55 cm).
However, the PSC assumption was based on data from fish released as yearling smolts
(personal communication, M. Johnson, CRITFC, Portland). The code groups we are
working with here were released as subyearlings and 75% to 90% of the age 3 fish
were > 55cm at return (Figure 11).

Estimates of conversion rates in the Snake River may be biased low by the lack of
accounting for spawning in the tailraces of mainstem dams. Spawning was
documented with underwater video in deep water in the tailraces of Little Goose and
Lower Granite Dam during the fall of 1994 (personal communication, D. Dauble, PNW
Lab, Richland, Washington). Eggs have previously been found in gravel dredged
below Lower Monumental Dam. If the fish spawning in these deep water areas tend to
have the same stock and age composition as the fish trapped at Ice Harbor and
swimming in to Lyons Ferry Hatchery, then the existence of tailrace spawners has no
effect on the conversion factor for Snake River reservoirs. It is likely this is the case,
since our assumption that all Lyons Ferry strays passed over Lower Granite Dam
resulted in an under estimate of spawning escapement. The number of fish spawning
in deep water areas has not been estimated, but it appears to be small, so any bias
caused to conversion factors is probably small.

A factor that causes a slight under estimate of harvest rate in all of the methods we
used is that the numbers of fish landed above Bonneville Dam are not expanded for
inriver mortality prior to the time they were caught. Fish caught in Zone 6 had to cross
up to three Columbia dams before they were captured. We believe it is inconsistent to
assume that fish crossing McNary Dam have suffered mortality below that point, but
that fish caught within Zone 6 have not.
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In order to account properly for interdam loss prior to capture in Zone 6, landings and
CWT recovery data would have to be maintained separately for each reservoir. Prior to
1990, catches in the Zone 6 fishery were not reported according to the reservoir in
which they were sold to a commercial buyer, but that information has been recorded
each year beginning in 1990. There is a possibility that fish reported as purchased by
a buyer in one pool may have been captured in a different pool, however, interviews
with buyers and fishermen indicate that such occurrences represent a tiny portion of
the catch (personal communication, D. Swartz, ODFW, Clackamas). We examined the
number of Lyons Ferry CWT’s from subyearling release groups that were recovered in
each of these pools and found that the catch distribution remained fairly constant
between years (Figure 12). These data indicate that fish landed in Zone 6 had passed
a weighted average of 1.7 dams. If we assume that the average distribution of catches
between pools in Zone 6 was similar during 1990-I 992 to other years, then we can
apply the single Columbia dam conversion rate raised to the 1.7 power as the
conversion rate for catch. Because the single dam conversion rates in the Columbia
River are near 1 .O, the application of this conversion rate to the Zone 6 catch (which is
generally about one third of the in-river run) only increases the run size by one or two
percent. Thus, the bias caused by ignoring a conversion factor for the Zone 6 catch is
inconsequential.
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Table 13. The number of CWT chinook from Lyons Ferry Hatchery that passed Ice Harbor Dam at
each age, as estimated by the cohort method documented in this report - compared to the
method used by PSC. PSC estimates are from personal communication, M. Johnson, CRITFC,
Portland).

Number at Ice Harbor
CWT Age2
Code Brood Cohort PSC
633226 1984 88 81
633227 1984 57 51
633228 1984 67 63

Total-84 212 195

633638 1985 14 12
633639 1985 13 13
633640 1985 14 13
633641 1985 17 11
633642 1985 12 11

Total-85 70 60

634259 1986 14 10
634261 1986 37 24

Total-86 51 34

Age3
Cohort PSC

64 95
63 92
80 115

Cohort PSC
29 38
29 38
33 42

207 302 90 118

2 5 11 14
9 18 10 12
4 5 9 10
4 8 9 8
7 15 10 12

26 51 48 56

36 56
29 46

65 102

1
Age5

Cohort PSC
9 10

49 54
37 35

86 89

3 4
4 6

15 20

8 10
9 3
6 13
3 3
4 10

29 39

10 10
14 24

25 34
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Figure 11. Length frequency at hatchery return of age 3 chinook from the 1986 brood that were
CWT  marked. {Uooer araoh - fish that were released as subyearlings from Lyons Ferry
Hatchery; middle araoh -fish that were released as yearlings from LFH; bottom oraoh  -fish that
were released as subyearlings from Priest Rapids Hatchery}.
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Figure 12. Distribution of landings in Zone 6 of Lyons Ferry fall chinook during 1990-1992, as
determined from recoveries of CWT’s  from fish released as subyearlings on station (data are
from PSMFC database).
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Estimation of Spawning Escapement
We examined the data on fall chinook spawning surveys to determine if strays from
Lyons Ferry hatchery were likely to be detected and accounted for. The number of fish
which spawned in the hatchery at each age is known with high accuracy, because
100% of fish with adipose fin clips are sampled for CWT’s. Other locations where
spawning may have occurred include other hatcheries, the free flowing Snake River
above Lower Granite Dam, tailrace areas below Snake River dams, tributaries to the
Snake River, the mid Columbia River, and the Yakima River. We were concerned
about the mid Columbia and Yakima rivers, because radio tagging studies with fall
chinook during 1992 revealed that many fish which entered the Snake River later
dropped back out and spawned in the mid Columbia or in the Yakima River (Mendel et
al. 1993). We found that only in the Yakima River is there a lack of sampling data on
fall chinook spawning. Few LFH fall chinook have been recovered outside of the
Snake River Basin, including in the extensively surveyed mid Columbia and in the
numerous hatcheries in the Columbia Basin (Table 14). Therefore, any errors
introduced from improper accounting or expansion for fish straying outside the Snake
River Basin would be small.

lnterdam Loss

The potential for bias in the estimates of interdam loss was a major concern, because
the average dam conversion rate applied by TAC (1993) was 0.394 for Bonneville Dam
to Lower Granite Dam during 1989-l 992 (Table 12). This equates to an expansion
factor of 2.5 for each spawning fish.
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Table 14. Total recoveries of Lyons Ferry CWT’s  in natural spawning areas, 1986-1992. Source:
PSMFC database.

(a) from tag code listings by BR, YR, and fortnight
(b) from Bugert et al. (1991; Appendix C)
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We examined several lines of evidence to determine if these conversion rates truly
reflected lost fish, or if they reflected some problem with the dam counts, such as might
be caused by fallback and re-ascension. First, we reviewed results of radio tagging
studies of adult fall chinook migrations in the Snake River during 1991 and 1992.
Second, we used the stock accounting estimate of harvest rate on URB chinook to
calculate the escapement of Lyons Ferry CWT’s and they compared this estimate to
the observed recoveries.

Effects of Fallback
Radio tracking studies were initiated in 1991 to determine the fate of the unaccounted
fall chinook between Ice Harbor and Lower Granite dams. These studies (Mendel et al.
1992; Mendel et al. 1993) showed high rates of fallback  at Ice Harbor and Lower
Granite dams both years. Mendel et al (1993) could not accurately estimate fallback at
Ice Harbor Dam, because of bias caused by the tagging process. In 1992 when fish
tagged at Ice Harbor Dam were released both above and below the dam, there was a
distinct difference in fallback rate between the two groups: 61% released below the
dam ended up outside the Snake River, while 34% released above the dam ended up
outside the Snake River. During 1991, only seven of 29 fish that were tracked across
Ice Harbor Dam continued all of the way past Lower Granite Dam, and only two of
those stayed above Lower Granite Dam, while the others fell back. At least three of the
five fish that fell back at Lower Granite Dam were found downstream where they likely
spawned (2 in the Tucannon River and one in Lyons Ferry Hatchery; Mendel et al.
(1992). Mendel et al. (1993) tracked 17 tagged fish across Lower Granite Dam in
1992, but seven fell back, two multiple times.

Other evidence indicated that dam passage poses a bigger problem to fall chinook at
Ice Harbor and Lower Granite dams than at Lower Monumental and Little Goose dams.
During the 1991 study, fish remained longer before passing at Ice Harbor and Lower
Granite Dam (11.8 and 13.7 days) than before passing Lower Monumental or Little
Goose dams (2.2 and 3.1 days), but the extra delay below Lower Granite Dam was not
apparent in 1992 (Mendel et al. 1993). Such differential passage conditions are likely
to cause different fallback  rates at different dams, thereby affecting conversion rates.

These radio tagging studies have demonstrated clearly that wandering up and down
stream is a common behavior among Snake River fall chinook. Among fish tagged as
they crossed Ice Harbor Dam, 56.8% were last found in Columbia in 1991 and 49.5% in
1992. In 1992, aerial surveys with radio receivers located many of these fish in the
Hanford reach of the Columbia River and 22 in the Yakima River (Mendel et al. 1993).

Some of unaccounted loss of radio tagged fish may have been from detection failures.
Once tagged fish were lost from detection, it is still possible that many spawned in
areas where they were not located. For example, 59% of 42 tagged salmon that
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crossed Lower Monumental Dam in 1992 were not detected by fixed-site receivers, but
were later detected upstream. Such receiver malfunctions may have happened
elsewhere. Most fish were lost from detection when they entered deep water. The
radio signal from a tag is not detectable when a fish is greater than 30 ft deep in water
(personal communication, G. Mendel, Washington Department of Fisheries, Dayton).

The radio tracking studies provided an opportunity to more directly examine interdam
loss of fall chinook. We focused on the tracking data between Lower Monumental Dam
and Lower Granite Dam, because the fisheries agencies use counts at these two dams
to calculate interdam conversion factors. Mendel et al. (1992) tracked 25 fish over
Lower Monumental Dam in 1991, and only three of these fish (12%) were lost from
detection in areas where they were unlikely to spawn. If we assume none of these
three fish spawned (which could not be determined), then this loss equates to a
conversion rate of 0.88, compared with a conversion rate of 0.83 reported by TAC
(1993) for this portion of the Snake River in 1991. In 1992, 14 of 43 tagged fish
crossing Lower Monumental Dam were eventually lost from detection. This equates to
a conversion rate of 67%, compared to 84% reported by TAC (1993) based on dam
counts. Thus, the radio tracking studies, while demonstrating a high rate of fallback at
Snake River dams, do not demonstrate that conversion rates based on Lower
Monumental Dam and Lower Granite Dam counts are biased. However, because the
fate of tagged fish that disappeared from radio detection is unknown, these studies also
do not confirm that interdam conversion rates reflect actual loss of spawners.

Because the radio tagging studies demonstrated there was a high rate of fallback at Ice
Harbor Dam, we examined the effect that different fallback rates would have on the
harvest rate estimated by the stock accounting method. The only conditions under
which fallback would affect estimates of harvest rate would be if the unmarked segment
of the run fell back at a greater rate than the marked segment of the run. TAC uses the
age and stock composition of marked fish in the broodstock at Lyons Ferry Hatchery to
assign age and stock composition to marked fish counted over Ice Harbor Dam. Once
these marks are expanded to account for the unmarked portion of the release group
they represent, all remaining unmarked fish that have not been assigned to a stock
group are assigned to be wild Snake River chinook. In other words, the number of wild
Snake River chinook is estimated by subtracting the expanded hatchery run size from
the Ice Harbor count. The majority of the URB run is unmarked natural production from
the mid Columbia, and the radio tagging studies have demonstrated that many of the
unmarked chinook passing over Ice Harbor Dam eventually fallback and spawn in the
Hanford reach of the Columbia. Thus, a small portion of these fish dipping into the
Snake River as far as Ice Harbor Dam could possibly account for most of the fallback
rate at Ice Harbor Dam. If the unmarked fish counted at Ice Harbor Dam have a greater
fallback rate than the marked fish (the majority of marked fish are Lyons Ferry stock),
then the wild component of SRB escapement would be overestimated. This
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overestimate would result in an underestimate of harvest rate. We carried out the
calculations for the stock accounting method with the actual return data in 1986-l 991,
and determined what the true harvest rate on SRB chinook would have been in the
cases of 25%, 50%, and 75% fallback by unmarked fish, over and above the fallback
rate for marked fish (Figure 13). In other words, we carried out these calculations as if
only unmarked fish were falling back. These hypothetical examples show that a 50%
fallback of unmarked fish (wild SRB component overestimated by 50%) would mean
that the true harvest rate on SRB chinook would be about equal to that estimated by
stock accounting for URB chinook (Figure 13).
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Figure 13. Corrected estimates of harvest rate on ages 4-6 SRB chinook in Zone 6 (stock
accounting method) during 1986-1991, given different fallback  rates on unmarked chinook.
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These fallback rates were treated in the calculations as equal to the overestimate they
would have caused of the wild portion of the Snake River population. The line for equal
fallback represents the harvest rate calculated from TAC stock and age composition
estimates, which makes no adjustment for differential fallback.

Estimation of Conversion Rates Based on Zone 6 Harvest Rate

If we assume that the stock accounting estimate of harvest rate on URB chinook in
Zone 6 is the most accurate estimate of harvest rate on fall chinook in that zone (we
have deduced that it is), then we can use that harvest rate, along with the number of
Lyons Ferry CWT’s estimated to have been landed in Zone 6, to estimate the number
of Lyons Ferry CWT chinook that crossed Bonneville Dam. Once we know the
numbers at Bonneville, we can use the Bonneville to McNary conversion factor and the
Zone 6 landings to estimate the number that passed McNary Dam. We did this with
age 4 CWT-marked chinook from Lyons Ferry Hatchery, and then applied the
conversion factor for McNary to Ice Harbor Dam (from Table 12) to estimate the number
of Lyons Ferry CWT’s that should have arrived at Ice Harbor Dam (Table 13). We
compared these estimates to the number estimated by our cohort method and by the
PSC method (Table 13) and found that expansion with the URB harvest rate and the
standard conversion factors produced the highest estimate of escapement at Ice
Harbor of any of the estimates for the 1989 and 1990 return years and an intermediate
estimate for 1988.

This result leads to the conclusion that use of the standard Snake River conversion
rates (as we did in the cohort method we used) does not over inflate CWT recoveries at
Lyons Ferry Hatchery or at Lower Granite Dam. Alternatively, it could indicate that the
estimated number of CWT fish spawning naturally is biased low. Both conclusions
may be true. None of the analyses we completed indicated that conversion rates were
over estimated.

Catch Expansions
We noted that standard procedures used by TAC for calculating in-river harvest
impacts did not include adjustments for mortalities to fish that were contacted by
harvest gear, but escaped. PSC (1988) makes such an adjustment for ocean catch.
The Klamath River Technical Team (1986) cited evidence that non-landed mortalities
from gillnet fishing were equal to 8% of the landed catch. The Klamath Technical Team
estimated the 3% of this mortality resulted from pinniped predation on fish tangled in
the nets, and 5% of the mortality resulted from net wounds on fish that managed to
escape after being entangled in the nets. Rich Turner of Pacific Northwest Utilities
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Conference Committee (PNUCC) discovered that conversion rates reported by TAC
(1993) were negatively correlated to harvest rates. Similarly, we found the Bonneville
to Lower Granite conversion rates were significantly correlated (r= -0.8) with the
numbers of fall chinook salmon harvested in Zone 6 during 1986 to 1994 (Figure 14).
This relation illustrates that as total salmon harvest
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Figure 14. Relation between fall chinook salmon conversion rates (Bonneville to Lower Granite
dams) and harvest level in the Zone 6 fishery.

increases, the inter-dam conversion rate decreases. Thus, periods of high harvest are
concomitant with high rates of unaccounted losses of adult salmon within the river
system. Correlations alone never prove cause-effect, but are important for developing
scientific hypotheses, and postulating specific causal mechanisms. In statistical terms,
this relationship can be interpreted as 66 percent of the variability in previously
unaccounted interdam losses are accounted for by variability in harvest levels. We
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postulate the following specific mechanisms that could cause increased mortality during
periods of liberalized harvest in the ocean and river:

l Incidental mortality of unlanded catch is increased, e.g., increased hook or net
injury, and marine mammal predation facilitated by fish restrained in fishing gear

0 Latent disease and pre-spawning mortality caused by wounds and stress
l More opportunity (time and area) for illegal catch during liberalized fishing seasons
l High-grading catch, and regulations that cause wastage of sub-legal fish
l Selection of home pack by fishers (via adipose clips or visual identification of

specific stocks) to minimize accounting of Columbia River upriver brights

A high incidence of net and hooking wounds has been noted among fall chinook
crossing Ice Harbor Dam. Deaths of these fish in the Snake River would reduce the
conversion rate. Wounded fish must survive warm temperatures in the Snake River for
two months prior to spawning, so a high mortality rate of wounded fish seems likely.
We were able to extract data on net and hooking wounds from chinook trapped at Ice
Harbor during 1991-I 993 for the radio tagging studies (Table 15). These data indicate
that 27% to 37% of the fish passing Ice Harbor Dam have harvest related wounds. It
appears likely from this data, when considered in the light of high rates of interdam loss
within the Snake River, that harvest impacts extend well beyond the landed catch.

Table 15. Harvest related wounding rates on fall chinook salmon trapped at Ice Harbor Dam.
(1991 and 1992 data from personal communication, Rudy Ringe, Idaho Cooperative Fish and
Wildlife Unit, Moscow; 1993 data from personal communication Glen Mendel, Washington
Department of Fish and Wildlife, Dayton).

I

Possible Hooking Gillnet Wounds

Year Fish Examined Wounds

Fish % Fish %

1991 115 11 10% 22 19%

1992 71 10 13% 10 14%

1993 185 37 20% 32 17% 5
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HARVEST SELECTIVITY ON SEGMENTS OF THE RUN

Temporal Selection
We compared weekly catches in Zone 6 to the weekly counts of fall chinook crossing
The Dalles Dam during 1988-1990 (Figure 15). This comparison shows that fish were
harvested fairly evenly throughout the run in 1989, but that the early half of the run was
subjected to less harvest than the later half during 1990 and 1991. A review of the
commercial fishing seasons reveals that the selection favoring survival of the early half
of the run resulted from a reduction in the number of days open to fishing during the
first two weeks of September (Figure 16; Table 16). There were nearly double the
number of days open to fishing in early September of 1989 that there were in 1990 or
1991. The historical distribution of fishing days during September-October indicates
that selection favoring the early portion of the run is probably a recent phenomenon.
The corresponding patterns of harvest effort in Zone 6 and escapement over The
Dalles Dam demonstrate that harvest regulations can result in strong selection favoring
a portion of the run, so the development of harvest regulations in the future should
include measures to preserve the temporal distribution of the run.
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Figure 15. Temporal pattern of fall chinook landings in Zone 6 compared to passage at The
Dalles Dam, 1989-1991. (Landing are data from ODFW, Clackamas; dam counts from USACE,
Portland).
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DAYS FISHED BY TREATY COM. FISHER!5
During the Fall Season 1987-92
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Figure 16. Days open to fishing in Zone 6 (treaty commercial area) during August- October, 1987-
1992. (Source: ODFW and WDF 1987-1992). Lightly hatched areas indicate partial days.
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Table 16. Number of hours open to gill net fishing in Zones 1 through 5 during 1987-1992. Data
are from WDFW and ODFW (1988-l 993).

1987
Week

Ending
1

Hours by Fishing Zone
2 3 4 5 2s Gear

Restriction

72 72 72 72
120 120 120 120
120 120 120 120
90 90 90 90
48 48 48 48
72 72 72 72

36 8"min. mesh

None
None
None
None
None

72 24 None
96 None
96 None
96 None

19-Nov 11

1988 Hours by Fishing Zone I
Week 1 2 3 4 5 2s Gear

Ending Restriction
13-Aug
20-Aug  *II *18 *I8 8”blw LVB;

9”abv  LVB

102 102 102 102 78 None
120 120 120 120 120 None
120 120 120 120 120 None
120 120 120 120 120 None
72 72 72 72 72 None
72 72 72 72 72 None
96 96 96 96 120 None

120 120 120 120 120 None
96 96 96 96 120 None

III

11 19-Nov 11
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1989 Hours by Fishing Zone II
Week 1 2 3 4 5 2s Gear
Ending Restriction

13-Aug 60 60 72 72 72 9”min mesh
abv LVBrg

12 12 12 12 12 9”min mesh
72 9”min mesh

6
114
96
96
96
96
96
96
102
66

6
114
96
96
96
96
96
96
102
66

6
114
96
96
96
96
96
96
102
66

6
114
96
96
96
96
96
96
102
66

6
114
96
96
96
96
96
96
102
66

12 9”min  mesh

None
None
None
None
None

1990
Week 1

Hours by Fishing Zone
2 3 4 5 2s Gear

24 9” min mesh
60 9” min mesh
36 9” min mesh

54 30 30 30 102 “in2s
96 96 96 96 8” in 2s
96 96 96 96 8” in 2s
48 48 96 96 9” max abv I,

205
96 96 96 96 9” max abv I

205
48 48 48 48 48 9”max - 2s
42 42 42 42 Wmax - 2s
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Table 16. (Continued)

54 54 54 54 30
96 96 96 96 96
96 96 96 96 96

120 120 120 120 120
120 120 120 120 120

54 54 54 54 54
96 114 114

72 72 72 72 72
48 48 48 48 48

102 102 102 102 102
120 120 120 120 120
18 18 18 18 18

5
None
7" max.
7" max.
7" max.
7" max.

.
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Evidence of Recent Size Selectivity
Comparison of the length frequency of CWT marked chinook landed in river fisheries
with those returning to Lyons Ferry Hatchery makes it possible to evaluate size
selectivity of in-river fisheries in recent years. We already presented data on length
frequencies of age 3 males and females which indicated there was a size threshold
near 70 mm below which chinook had low vulnerability to the gill net fishery (see Figure
5). Length frequencies of Lyons Ferry chinook captured at age 4 further indicate that
there may actually be a size optimum for vulnerability to gill net harvest, and that larger
and smaller chinook are less vulnerable to harvest. For example, Figure 17 shows that
median size of age 4 chinook of the 1986 brood (1990 catch year) in the gill net catch
was 850 mm for females and 900 mm for males, compared to 900 mm for females and
950-I 000 mm for males in the hatchery. For each of the brood years we examined, the
length frequency of age 4 fish in the gill net catch peaked sharply at 850 mm, while the
length frequency of fish returning to the hatchery was more broadly distributed and
peaked at the next length interval higher. It is possible that the larger size of fish in the
hatchery was influenced by snout elongation during maturation. There was insufficient
recoveries of age 5 fish to make similar comparisons. The length frequency
comparisons for age 3 and age 4 fish indicate that the greatest selection is against
large age 3 fish.
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Length Frequencies Age 4
River Harvest  - LFH 1986 Brood
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Figure 17. Length frequency of age 4 CWT fall chinook from Lyons Ferry Hatchery that were
recovered in the Zone 6 fishery compared to those recovered at the hatchery. Only groups
released as subyearlings were used. Data are from PSMFC database.

66

     



17fects  of/n-her  Hurvest  on Snake h+ief FulChhook Final Report - March 1996

STOCK COMPOSITION OF THE HARVEST
TAC reports the mix of stock in the fall season commercial fishery each year, based on
the expansion of CWT’s sampled in the catch. Stocks in the fall chinook catch that are
reported by TAC are Lower River Hatchery (LRH), Lower River Wild (LRW), Bonneville
Pool Hatchery (BPH), Upriver Bright (URB), and Mid-Columbia Bright (MCB). Landings
are typically dominated by URB chinook, but BPH chinook have contributed a high
portion of the catch in the most recent years (Figure 18). Within the URB run
component, the number of chinook destined for the Snake River is quite small
compared to the number estimated to spawn naturally in the Hanford reach of the mid
Columbia River (Figure 19). We present the data in Table 17 as an example of the
CWT recoveries that can be used to estimate stock composition of the Zone 6 catch.
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Stock Composition of Zone 6 Catch
Fall Chinook
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Figure 18. Stock composition of the fall chinook landings in Zone 6,1986-1992.  Data are from
TAC (19864992).
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Figure 19. Number of URB chinook estimated to pass McNary Dam, spawn in the Hanford reach,
and pass Ice Harbor Dam each year, 1984-1991. Data are from TAC (1984-1992).
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Table 17. CwT’s recovered in the Zone 6 fishery during 1990. Data are from PSMFC database.
1 Tagcode ) Tagged [ Untagged1 Hatchery 1 Brood 1 86 1 87 1 88 1 89 1 90 1 91 I 92 I TT’ 1

1 Name 1 Year 1
632152 250831 236894 1 LFHL 83 1 354 1738 414 11 2517
633218 83611 78964 68 598 170 15 851LFH

LFH
LFH
LFH
LFH
LFH
LFH
LFH
LFH
LFH
LFH
LFH
LFH
LFH
LFH
LFH
LFH
LFH
LFH
LFH
LFH
LFH
LFH
LFH
LFH
LFH
LFH
LFH
LFH

83
84
84
84
84
85
85
85
85
85
85
85
85
85
85
85
85
86
86
86
86
86
86
86
87

7 33 44 7 91
19 51 40 13 123

35 7 42

I
I 18141 11 2 62

1 3 1 4 1  7  51
I 14 I 26 5 45

16 32 13 61
6 5 3 14

34
I I 141212 8

r;
LFH

!f$y-y-y=
, ”

I I I i I I 5

’ TT= total number of fish tagged
2 LFH= LYONS FERRY HATCHERY
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Table 17. (Continued)
Tagcode Tagged Untagged Hatchery Brood 86 87 88 89 90 91 92 TT

Name Year

635249 201608
630732 194530
634057 199469
632857 197528
632858 202861
633112 208492
632843 227964
634952 175069
635907 90306
634223 90100

4997537
6024260
4838160Et56272
49407
28975

I I

LFH
LFH
LFH
LFH
LFH
LFH
PRC’
PRC
PRC
PRC

88
88
88
88
88
89
83
83
83
84
84 13PRC

PRC 86
PRC 86
PRC 86
PRC 86
PRC 86
PRC 86
PRC 86
PRC 86
PRC 87
PRC 88
PRC 89
PRC 90
TRP4 83
TRP 84
TRP 85
TRP 86

1 11 1 1 85I I . 1 ^ I -

i TRP 87 1
. . I I

I
, I,

I I 2 I I 13 I 16 I -an. . _.
TRP
TRP

ii
90

I_ I”

28 ;;;
3 3

3 PRC= PRIEST RAPIDS CHANNEL
4 TRP= TURTLE ROCK POND
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SIMULATION OF ALTERNATIVE IN-RIVER HARVEST REGULATIONS

We utilized the CRiSP.2 harvest model developed by Dr. James Norris, University of
Washington, to simulate the effects of alternative harvest management regulations on
spawning escapement of Snake River fall chinook salmon. We worked with Dr. Norris
to develop model scenarios and input parameters; and he conducted the model runs
and helped interpret the results. These analyses help elucidate three important types
of information: (1) the sensitivity of model results to key input parameters; (2) critical
assumptions and uncertainties, and (3) comparisons of the potential of different
management options to allow for rebuilding and recovery of the Snake River
populations. The Lyons Ferry Hatchery population is the surrogate stock used to
represent wild Snake River fall chinook salmon since it represents the original genetic
race, and it is the only component of the “ESA species” that has a CVVf  data base to
collect recovery information to determine harvest rates and stock-recruitment. Only
recoveries from subyearling hatchery releases are used to represent the wild stock
since they represent the life history pattern of naturally spawning Snake River fall
chinook salmon.

HARVEST MODEL DESCRIPTION

CRiSP.2 is a computer model that simulates the harvest of 30 chinook salmon stocks
by 25 fisheries, and projects population dynamics -- including future run sizes and
spawning escapements (Norris 1996). The computational engine of CRiSP.2 is based
on the forecasting portion of Pacific Salmon Commission ‘Chinook Model” (PSC 1993).
A key feature of the model is the interaction between stocks through annual catch
ceilings, or quotas, imposed upon fisheries that harvest multiple stocks. As the 30
different salmon, populations increase or decrease at different rates over time, relative
harvest rates in fisheries with catch ceilings also change (Norris 1996). Since catch
ceilings are the primary management tool of PSC ocean fisheries, a multiple stock
model that incorporates this type of interaction is required for realistic simulations. The
CRiSP model also has the flexibility to evaluate in-river harvest management options
including fixed escapement goals, stock/fishery specific harvest rate strategies (e.g.,
time/area closures), size limits, inter-dam losses during adult migrations, and
enhancement activities.
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CRiSP.2 is an accounting device for tracking the fate of individual chinook salmon
cohorts through time. Most model parameters - e.g., cohort sizes, age specific harvest
rates, maturity schedules, incidental mortalities -- are estimated by the PSC Chinook
Technical Committee based on CWT recoveries and cohort analyses. The annual
computational cycle includes the following steps (Norris 1996):
l Population aging at the start of each year, maximum is 5 years.
l Natural ocean survival assumed to be: 0.5, 0.6, 0.7, 0.8, and 0.9 for ages one

through five, respectively.
l Preterminal (ocean) fishing mortality, including legal catches and incidental

mortalities, e.g., shakers or sub-size releases (does not include unaccounted illegal
take).

l Sexual maturation are stock and age specific; some stocks with variable rates.
l Terminal (river) fishing mortality (does not include incidental mortalities and illegal

take).
l Pre-spawning mortality and inter-dam losses
l Production of progeny in the next year based on stock-recruit functions and

assumed brood year survivals {Environmental Variability (EV) scalars}.

At this time, CRiSP.2 does not have calibration capability, and therefore, calibrated
parameters must come from the PSC Chinook Technical Committee. The PSC Chinook
Model is calibrated by finding a suite of stock and year-specific brood year survival
rates that results in model outputs that closely match user specified terminal run sizes,
escapements, or catches for individual stocks during the base period. The model
results are sensitive to the selection of the EV scalars for the simulation period (Norris
1996).

The model can be run in either stochastic (Monte Carlo) or deterministic (scenario)
mode. Stochastic mode tracks cohorts through many time series, each with a different
set of key parameters. We conducted analyses in the deterministic mode which tracks
the cohort through a single time series and a single set of assumptions. We made
assumptions about the mean values of key parameters such as brood year survival
rates (EV scalar) and maturation schedules. For the simulations in this report, the base
period was 1979 to 1995 and the simulation period was 1996 to 2017.

SENSITIVITY ANALYSIS OF ENVIRONMENTAL VARIABILITY (EV) SCALARS

A major assumption of the PSC and CRiSP models is pre-recruitment brood year
survival rates that are estimated using “Environmental Variability" (EV) scalars. The
stock-specific EV value is considered a pre-recruitment (i.e., prior to age one) survival
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scalar that actually adjusts for the combined effects of m factors: (1) environmental
variation that affects survival in a given year, and (2) bias in production function
parameters. EV scalars are used to calibrate PSC model, for each stock, to match
empirical annual adult returns. In the model, the number of age 1
year is calculated according to the following equation:

Equation 10: Age? Fish= EV * Stock-Recruit Estimate

fish produced each

A stock-specific arithmetic mean EV scalar value -- based on the I-listorical period of
record, e.g., 1979-l 992 -- is used in the PSC Chinook Model for projections of future
population dynamics. Measures of central tendency for EV scalars of the 30 chinook
stocks from the PSC technical committee calibration number 9525 indicate substantial
variability among stocks (Table 18). In all cases the arithmetic mean value is greater
than the geometric mean. The geometric mean is the appropriate statistic to use when,
as for the EV scalar data, frequency distributions of the values are highly skewed --
indicative of a negative binomial distribution (J. Norris, UW, June 28, 1995, Personal
Communication). Therefore, if the geometric mean is the statistically valid measure for
baseline conditions, the productivity of all the 30 chinook stocks is overestimated in
PSC simulations of future run sizes -- by using the arithmetic mean.
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Table 18. Three measures of central tendency of EV scalars of the 30 chinook stocks from the
PSC technical committee calibration number 9525 (J. Norris, UW, June 28, 1995, Personal
Communication).
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A frequency distribution of the combined EV scalars 28 chinook stocks compared to the
values for SRB’s  and URB’s is presented in Figure 20. It is clearly apparent that the
EV scalar values for the Columbia River upriver bright stocks (URB and SRB) have
much different distributions and mean values compared to the EV scalars for the other
28 chinook stocks in the PSC data base. For example, 95% of EV scalar values of the
28 other stocks are less than 2.0 and only 0.5% are greater than 4.0. In contrast,
21.4% of EV scalars for URB’s and 69.2% of EV scalars for SRB are greater than 4.0.
By definition, the exceptionally high EV scalar values for SRB’s  could be attributed to
two factors: (1) greater environmental variability in the Snake River system and higher
overall productivity due to “boom” years, or (2) uncertainty in the stock-recruitment
function that results in unreliable estimates of annual age 1 production based on
spawner abundance. Since the Snake River stock has been declining drastically since
the mid-1970’s it is unlikely that the stock is now more productive as a result of
environmental variability. It is much more likely that the stock-recruit function is
unreliable, especially since the one utilized in modeling was derived from data on the
mid-Columbia stock (Schaller and Cooney 1992). Recent research indicates that the
data base for Snake River fall chinook salmon is inadequate to develop a valid stock-
recruit functional relationship (Lorraine Reed, University of Washington, MS 1996).
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Figure 20. Frequency distribution of EV scalars for 30 salmon stocks used in the Pacific Salmon
Commission “Chinook Model” calibration (Source Jim Norris, UW, 1995).

We conducted a series of CRiSP.2 simulations to test the sensitivity of model results to
the assumed geometric mean baseline EV scalar values used for future projections
during years 1996 to 2017 (Figure 21). In these simulations, all other parameters were
held at constant levels representing status quo baseline conditions. At EV scalar
values of 4.0 and greater, the Snake River fall chinook escapement increased rapidly
to levels above 5,000 spawners. For example at EV= 4.8 (mean of PSC baseline), the
population increased as follows:
1 generation > 1,000
2 generations > 2,500
3 generations > 4,500
4 generations = 6,000
Assuming an EV of 3.0, the population would increase gradually to 1,000 spawners. At
an EV of 2.0 the SRB stock would decrease to less than 100 spawners after five full
generations. Extinction would be the outcome of simulations with an EV scalar of 1 .O.
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Figure 21. Sensitivity of simulations of Snake River fall chinook salmon escapement projections
to various EV scalar values, ranging from 1 .O to 5.0 (Source Jim Norris, UW, 1995).
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The sensitivity analysis indicates that the production function and assumed annual EV
scalar values are critical uncertainties of the PSC and CRiSP.2 harvest models. If one
assumes the’mean EV scalar value of the PSC 1979-92 data base is representative of
the SRB stock for future deterministic projections, then the ESA-listed species would
appear to be healthy and robust under status quo management conditions. That
conclusion is clearly not valid given the progressive decline of the Snake River fall
chinook stock over the past 20 years.

We examined empirical data of Lyons Ferry Hatchery fall chinook returns to achieve a
more valid picture of population trajectory to use for modeling future projections. The
data indicate that both adult and jack returns are characterized by decreasing trends
(Figure 22). The adult return in 1994 was 1,284 adults and 157 jacks. The record low
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Mendel et al. (1995)
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Figure 22. Returns of Snake River fall chinook salmon (adults and jacks) to the Lyons Ferry
Hatchery, 1986-l 994 (Source: Mendel et al. 1995).
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return of jacks during 1992-l 993 is particularly alarming since jack run size is an
empirical predictor of future adult run size. Given the empirical trends in the
population trajectory of the indicator stock of Snake River fall chinook compared to the
results of the sensitivity analysis -- an EV scalar of 2.0 is our best approximation of a
realistic value for the following CRiSP.2 simulations.

Sl/ULJ~TION OF POPULATION RECOVERY UNDER ALTERNATIVE HARVEST
SCENARIOS

We analyzed three types of alternative harvest management strategies: (1) fixed
escapement policy at McNary Dam, fixed harvest rate of SRB’s,  and selective harvest
effectiveness.
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SIMULATION OF EFFECTS OF FIXED ESCAPEMENT POLICY -- 45,000 AT
McNARY DAM

Currently, in-river harvest of upriver bright fall chinook salmon is managed with a fixed
escapement policy of 45,000 adult salmon at McNary Dam. Harvest is presently not
managed to achieve a specified spawning escapement of the ESA-listed Snake River
fall chinook stock, e.g., at Lyons Ferry Hatchery and/or Lower Granite Dam. We
simulated the long-term impacts of setting harvest levels to achieve a fixed escapement
of various levels (45,000 to 125,000) of the aggregate upriver bright fall chinook
salmon at McNary Dam -- on escapements of the Snake River fall chinook stock
(Figure 23).
The model simulations indicate the 45,000 McNary Dam fixed escapement policy would
result in extinction in about three more generations. The stock would continue to
decline, although at a slower rate, at target levels of 65,000 to 105,000 fish at McNary.
It would take a McNary escapement level of about 125,000 aggregate URB’s to ensure

a positive population trajectory of the SRB stock. An escapement policy of 125,000
URB’s at McNary Dam would eliminate harvest in years of low URB run size. The
aggregate URB fall chinook run entering the Columbia River -- that could be expected
to reach McNary Dam in the absence of harvest -- has ranged from 73,000 to 127,000
during 1990-I 994, and 236,000 to 373,000 during 1986-89 (Table 19).

Table 19. Estimates of potential run sizes of URB and SRB fall chinook salmon at McNary Dam in
the absence of harvest, 1986-1994 (Data on Columbia River run sizes and conversion rates from
US v. Oregon TAC 1995).

Year U RB’s SRB’s Bonneville to Maximum Maximum Actual SRB
entering entering McNary URB’s at SRB’s at Passage at

Columbia Columbia Conversion McNary McNary L. Granite
River River Rate Dam (no Dam (no Dam (LFH

harvest)) harvest)) & wild)
1986 281,551 5,661 0.9930 279,580 5,621 774
1987 420,661 16,067 0.8877 373,421 14,263 897
1988 339,918 7,020 0.9760 331,760 6,852 569
1989 261,093 4,887 0.9040 236,028 4,418 501
1990 153,435 5,076 0.8287 127,152 4,206 252
1991 102,717 6,596 0.7747 79,575 5,110 517
1992 81,014 5,334 0.8999 72,904 4,800 633
1993 102,907 4,369 0.8305 85,464 3,628 785
1994 132,885 2,270 0.8355 111,025 1,897 426
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Figure 23. Effects of fixed escapement policy of 45,000 to 125,000 adult fall chinook salmon on
simulated escapement of Snake River fall chinook salmon, given an EV scalar of 2.0 (Source Jim
Norris, UW, 1995).

SIMULATION OF A FIXED HARVEST RATE ALTERNATIVE

A fixed harvest rate policy would set a combined (Zone 1-6 commercial and sport)
harvest rate goal for inriver fisheries. The combined harvest rate was defined to be the
fraction of the aggregate (URB+SRB) adult run size entering the river that is taken by
all fisheries. The model predicts that harvest rates of IO to 25% on the aggregate URB
stock would result in further declines of Snake River fall chinook salmon. A harvest
rate between 510% would stabilize SRB escapement levels. Harvest rates less than
5% would be needed to facilitate SRB stock rebuilding.
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Fixed Harvest Rate Policy
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Figure 24. Simulated escapement of Snake River fall chinook salmon under various fixed harvest
rate scenarios (Source Jim Norris, UW, 1995).

SIMULATION OF SELECTIVE HARVEST EFFECTIVENESS

The goal of selective harvest of specific strong stocks of upriver bright fall chinook
salmon would be to provide commercial, sport, and ceremonial & subsistence (C&S)
harvest opportunities, while protecting the ESA-listed Snake River stock from excessive
harvest rates. It is likely that live-capfure-and-release selective fisheries on chinook
salmon would be more effective for river fisheries than for ocean fisheries (Vigg 1995).
Snake River fall chinook are taken incidentally in troll and sport fisheries from
Southeast Alaska to California, in non-treaty Columbia River sport and commercial
fisheries, and in Zone 6 Treaty fisheries (Table 20; Schmitten et al. 1995). Each fishery
taking Snake River fall
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Table 20. Distribution of adult coded-wire tag recoveries of Snake River fall chinook salmon
tagged as yearlings and subyearlings (from NMFS Proposed Recovery Plan 1995; p V-3-6).

Area Yearling Subyearling Total Recoveries
Recoveries (%) Recoveries (%) r-w

Alaska 6 1 2

Canada 42 29 32

Washington 9 16 15
Coast
Columbia River 9 14 13
Below Bonneville
Dam
Columbia River 25 18 19
Below Bonneville
Dam
Oregon Coast 7 18 16

California 2 3 3

TOTAL 100 100 100

chinook is a mixed stock fishery targeting other strong stocks. Since the tag recoveries
were distributed over all time periods and management areas within each management
jurisdiction -- there is no apparent opportunity to shift ocean fisheries in time and space
to reduce the incidental harvest of Snake River fall chinook while targeting healthy
stocks (Schmitten et al. 1995). Similarly, PSC (1995) concluded that selective fisheries
for chinook salmon in the ocean should not be considered because of the logistics of
marking, the complex life history pattern, and the difficulties of coordination of coast-
wide fisheries (across jurisdictions). The proposed NMFS Recovery Plan (Schmitten et
al. 1995) however, supported the proposal to study the effects of ocean and Columbia
River fisheries -- that presently selectively catch large females -- on the productivity
and rebuilding potential of Snake River fall chinook salmon. Another method to
implement selective river fisheries would be to harvest only in terminal areas,
tributaries, and in the mainstem Columbia River above the confluence of the Snake
River. Although logistically and technologically simple, the latter approach would have
difficult social, cultural and institutional constraints.

Since the prohibition or elimination of the highly efficient live capture gear types in the
Columbia River during 1925 to 1950, gill nets have become the primary method for the
commercial harvest of salmon. Time, area, and gear (e.g., net size and mesh size)
restrictions have been used to regulate total catch and target different temporal
segments of runs, different sizes and species of salmon, and different stocks within
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species (Vigg 1995). Gill nets are not suitable for selective fisheries that require live
release because gillnet mortality rates are very high. PSC (1995) summarized release
mortality rates as follows: (a) recreational gear, traps, reef nets, beach seines, and fish
wheels have the lowest mortality rates, (b) commercial troll and purse seine (low
catch/haul) fisheries have intermediate mortality rates, and (c) gillnet and purse seine
(high catch/haul) fisheries have the highest release mortality rates.

It is beyond the scope of this report to examine the feasibility of different methods and
approaches (e.g., gear, time, area, fish size/sex) to implement selective fisheries. A
proposal to look at the feasibility of selective harvest of chinook salmon in the Columbia
River is outlined in detail by Vigg (1995). Our approach in this report is simply to
examine various levels of effectiveness in reducing harvest levels on SRB’s  while
allowing selective river harvest of other stocks of URB’s,  e.g., the stronger mid-
Columbia stock. Selective fisheries would have to be at least 70% effective in reducing
SRB harvest rates in order stabilize the simulated future Snake River fall chinook
population trajectory at about 450 spawners (Figure 25). Selective fisheries would
have to be 90-100% effective (i.e., SRB harvest ~10% of URB baseline harvest rates) -
-- in order to facilitate rebuilding and recovery of Snake River fall chinook salmon.
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Selective Harvest Effectiveness Scenarios -
Reduction in Snake River Fall Chinook

Harvest Rates as a Percentage of
Status Quo URB Harvest Rates
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- 50% Effective
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Figure 25. Simulation of Snake River fall chinook salmon escapement under various levels of
selective harvest effectiveness - expressed as a percentage reduction of baseline URB harvest
levels (Source Jim Norris, UW, 1995).

CONCLUSIONS
Harvest rates on URB fall chinook were dangerously high through 1990, even for a
healthy stock that did not face substantial passage mortality. Only in times of high
ocean productivity are chinook likely to be capable of sustaining such high harvest
rates. The URB fall chinook in the Deschutes River, which pass only two dams and
appeared quite healthy in many years, have been declining in recent years. In-river
harvest rates decreased substantially since the Snake River fall chinook stock was
listed as threatened or endangered under the ESA. Model simulations indicate that
harvest rates on SRB’s will have to continue to be reduced over baselhe  URB levels in
order to facilitate population rebuilding. The combined effect of various factors,
discussed below, cause an underestimate of harvest impacts on SRB’s.

8 5



Efhcts of/n-//i/e/  Ho/vest on Jnuke Rlier FM Chwok Final Report - Much  1996

FACTORS THAT UNDERESTIMATE HARVEST IMPACTS ON SNAKE RIVER FALL
CHINOOK SALMON

Several factors have biased previous evaluations of the potential impacts of status quo
harvest management on Snake River fall chinook salmon. All of the following factors
cause underestimates of actual impacts on the stocks potential to rebuild and recover.

Bias #I. Including age 3 fish in calculations of average harvest rates:
l Most age 3 fish are males, and significantly smaller size;
l Age 3 fish are not as vulnerable to gill nets, and have lower harvest rates;
l Most female chinook mature at ages 4-6;
l Escapement of females is most important to stock productivity;
l Including age 3 makes average harvest rate 1 O-l 5% less than actual for age 4.

Bias #2. Assuming that SRB harvest rates average only 84% of URB harvest:
l Timing of catch of SRB’s and URB’s is nearly identical (Figure 1);
l SRB run size is less than 2% of URB run size; small sample size may bias CWT

expansions and population estimates;
l Stock accountability methods assume mortality of URB’s above McNary Dam is

zero, while mortality of SRB’s averages 12% to Ice Harbor Dam with additional
mortality to Lower Granite Dam and to the spawning areas above;

l As a result of the above points, CVVT’s  recovered in the Snake River are expanded
twice that of URB mid-Columbia recoveries.

Bias #3. Incidental/latent mortality and illegal take are unaccounted losses due to
harvest:
l Incidental mortality of unlanded catch (net injury & marine mammal predation);
l Latent disease and pre-spawning mortality caused by wounds and stress caused by

capture and escape from fishing gear;
l Harvest-related wounding of fall chinook salmon at Ice Harbor Dam ranges 27-37%

(Table 15; Mendel 1993);
l Illegal catch is not quantified as an explicit loss in river harvest accounting;
l High-grading or bias in selection of home pack (selecting adipose marked fish with

W/T or visual identification of upriver stocks) could bias interpretation of landing
recoveries;

l An inverse relation exists between in-river harvest levels and inter-dam conversion
rate Figure 14).

Bias #bI. Fixed Escapement Policy of 45,000 URB at McNary Dam:
l No management goal is established for spawning escapement SRB’s;
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l The 45,000 goal is not sensitive to the SRB/URB ratio which varies from 0.4 to
1.6%; For example if wild SRB’s comprise 1.6% of aggregate URB run, then
McNary passage is 720, but if wild SRB’s comprise 0.4% then McNary passage is
only 180;

l Given the 45,000 McNary escapement: target -- if URB run size increases and SRB
run size is stable or decreases, then SRB harvest rate will increase;

l The 45,000 McNary Goal does not ensure spawning escapement of SRB’s.

Bias 5. Critical uncertainties exist in data, functional cause-effect relations, and
key modeling parameters:
l No harvest recovery data or Stock-Recruit relations exist for wild SRB’s -- the

surrogate stock is the Lyons Ferry Hatchery CWT releases;
l The Stock-Recruit function, based on mid-Columbia or LFH data is not reliable;
l SRB escapement is not corrected for fallback observed in radiotracking studies;
l Effect of spawning below SR dams (e.g., Umatilla strays) on recruitment is not

known;
l Most harvest analyses used for management are deterministic, not incorporating

stochastic variation;
l Ocean age-specific mortalities are gross estimates, not based on empirical data;
l Empirical data are non-existent to estimate brood year survival rates or the

functional relation with environmental conditions, but PSC and CRiSP harvest
model results are very sensitive to the “EV scalars”.

RECOMMENDATIONS

1. In-river exploitation rate goals for fall chinook should be set for age 4 fish, rather
than for the combination of age 3 through age 6 fish as was done in the 1993
Biological Assessment on fall fisheries. Age 4 is the first year that the complete
cohort is large enough to be fully vulnerable to in-river fisheries, and it is the
dominant age at which females mature.

2. At present (i.e., until selective harvest is initiated) URB harvest rates equal SRB
harvest rates. Harvest rates estimated by stock accounting for URB chinook should
be used as the standard for estimating in-river harvest impacts on Snake River fall
chinook. This estimation method is based on the greatest volume of data and has
the fewest sources of possible bias.

3. Incidental fishing mortality of unlanded catch, latent mortality of escaped fish that
are stressed/wounded, and illegal harvest should be accounted for in assessing the
total impacts of harvest on Snake River fall chinook salmon.
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4.

5.

6.

7.

8.

Stock accounting for SRB chinook should use Lower Monumental Dam rather than
Ice Harbor Dam as the terminal point -- because it has been documented by radio
tracking studies that fall back is much lower at Lower Monumental than at Ice
Harbor.
Fallback (multiple ascensions and mortality) should be accounted for in estimating
passage above Lower Granite Dam.
A spawning escapement goal should be established for naturally spawning Snake
River fall chinook at Lower Granite Dam -- in addition to the brood stock
management goal at Lyons Ferry Hatchery. The management goal of 45,000 at
McNary Dam does not ensure adequate SRB escapement.
A valid SRB production function is needed to model harvest impacts on the Snake
River stock. An adequate data base to accomplish this requires more subvearlinq
CWT releases at LFH and tagging natural production if possible.
The feasibility of selective harvest of strong stocks of URB’s, live capture and
release of SRB’s, and regulations to restrict harvest of large female chinook should
be evaluated. If selective harvest could be implemented that was greater than 70%
effective -- it could provide more harvest opportunity on URB’s and reduce harvest
impacts on SRB’s.
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Appendix 1. Sex data on CWT’s  from Lyons Ferry Hatchery. Source: PSMFC database.

1984 Brood Lyons Ferry Stock (On-station only)

Fish
Sampled

Age 2 Males Females Totals
Ocean 7 3 10
River 9 0 9
Hatchery 0 0 0

Fish
Sampled

Age 3 Males Females Totals
Ocean 1 0 1
River 21 9 30
Hatchery 62 37 99

Age 4
Ocean
River
Hatchery

Fish
Sampled

Males Females Totals
0 0 0
15 43 58
26 32 58

Fish
Samcled

% Males

Males
Age 2
Age 3
Age 4
Age 5

Ocean River Hatchery
70% 100% 0%
100% 70% 63%
0% 26% 45%
0% 20% 50%

% Females

Females Ocean River Hatchery
Age 2 30% 0% 0%
Age 3 0% 30% 37%
Age 4 0% 74% 55%
Age 5 0% 80% 50%

Age 5 Males Females Totals
Ocean 0 0 0
River 2 8 10
Hatchery 5 5 10

Escapement to Tucannon River Not Included
Youngs Bay Not Included
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1985 Brood On & Off-Station

Aae 2

Fish Sampled
Males Females Totals

Ocean 1 0 1
River 1 0 1
Hatchery 0 0 0

Aae 3
Fish Sampled

Males Females Totals
Ocean 3 1 4
River 8 3 11
Hatchery 16 2 18

Aw 4

Fish Sampled
Males Females Totals

Ocean 0 0
River 18 26 46
Hatchery 18 48 66

Fish Sampled
Age 5 Males Females Totals
Ocean 1 0 1
River 10 15 25
Hatchery 17 16 33

Males
Age 2
Age 3
Age 4
Age 5

% Males
Ocean River Hatchery
100% 100% 0%
75% 73% 89%
0% 39% 27%

1 0 0 %  4 0 % 52%

% Females
Females Ocean River Hatchery
Age 2 0% 0% 0%
Age 3 25% 27% 11%
Age 4 0% 61% 73%
Age 5 0% 60% 48%

John Day Pool Included
Escapement to Hanford Reach, Tucannon and Snake River Not Included
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Appendix
1986 Brood On & Off-Station

1.

Fish Sampled
Age 2 Males Females Totals
Ocean 0 0 0
River 0 0 0
Hatchery 0 0 0

Aae 3
Fish Sampled

Males Females Totals
Ocean 2 2 4
River 23 13 36
Hatchery 71 43 114

Ace 4
Fish Sampled

Males Females Totals
Ocean 0 6 6
River 49 69 118
Hatchery 50 105 155

Age 5
Ocean

Fish Sampled
Males Females Totals

0 0 0
River 9 12 21
Hatchery 18 32 50

Males
Age 2
Age 3
Age 4
Age 5

% Males
Ocean River Hatcher-v

0% 0% 0%
50% 64% 62%
0% 42% 32%
0% 43% 36%

% Females
Females Ocean River Hatchery
Age 2 0% 0% 0%
Age 3 50% 36% 38%
Age 4 0% 58% 68%
Age 5 0% 57% 64%

John Day Pool Included
Escapement to Tucannon River, Snake River, Hanford Reach and Youngs Bay Not Included
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